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In this edition all the chapters have been carefully revised and 
all the defective diagrams are redrawn with an up-to-date and 
improved methods of working to some of the examples whose 
solutions were lengthy. In addition to the above, the University 
question papers in the subject of Practical Geometry up to the year 
1937 also been added with diagrams and the entire volume 
brought up to date. 
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some mathematical errors and some more defective drawings that 
escaped my notice. These have been replaced by fresh ones 
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been added. 
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PREFACE. 

In the first volume the first three chapters on Forces^ Moments^ 
Couples, Centres of Gravity, Momenta of Inertia, Reinforced Concrete 
Sections and Ronf Trusses are dealt with in brief and this volume 
contains fourteen chapters commencing from chapter four. The items 
of the subjects treated in these fourteen chapters are briefly stated 
under the heading of Contents in the noxt few pages. All the diagrams 
are drawn very carefully and accurately to the scale by me and all of 
them are neatly inked and finished by my friend Air. Sukhdev Trasad, 
tho Architectural Draughtsman of the Engineering College B. H. U. 
and I thank him very much. This book contains full of numerical 
examples with their solutions mostly graphical and tho following books 
have been very often consulted for verification. — Andrew^s Design 
of Structures, Structural Eiigineeri* g by Hut»band and Harby, 
Charnock^s Graphic Statics and Applied Mechanics by D. A. Low. 

A clmpter on Influonco Lines is written mainly for a beginner to 
have a fair knowledge of the subject as it is written fiotn the very 
first principle. In Chapter XV cams are elaborately written and prof- 
usely illustratcMl with diagrams from questions mainly selected from the 
University Examination papers and all of them are solved without 
any exception. 

Chapter XVI deals with miscellaneous examples wdaere some, of 
tlie typical problems are selected and solved in detail for the benefit 
uf the students, and in the last chapter examples on velocity and 
acceleration diagrams of .simple mechanisms are added with their 
giaphical solutions. 

At the end of this book series of (piestions connected to fourteen 
chapters, (that is from Chapter lY to XVII) in the order are selected 
mostly fiv m tlio University Examination papers for the students to solve 
themselves, and in addition Uinvort-ity quo'-tioo paj»ors in tho subject of 
Practical Gooinotry up to date have also been printed, An^^wers to above 
questions where necessary have boon workd mit carefully and entered, 

'rtiere may bo some mistakes which escaped my notice and 1 shall 
be highly thankful to those wdio p-unt thtnii imt to mo. 

In tho end I hope tliat this book wiil be useful for tho e.gineering 
students who prepare therasolvos for the exHminatio!i, and to a very 
groat cxteiit to young structural engiuoors and draughtsmen who aro 
engaged in Structural work, 

Enginocring College, ^ 

B. H. U. 
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BEAMS BENDINO i SHEAS IN A BEAU. 


BEHMITG.— First take a beam of L feet long supported on both 
ends and let it be loaded centrally with a concentrated load W. 
Naturally the effect of this load is to 
make the beam bend, see fig. 1. 

The beam selected here is of a | ^ 

flanged section shAwn in picture view ~ z. B 

in fig. 2. ‘ ~ ' 

^/g./ 


A 


Owing to the load W the top flange is compressed and the bottom 
flange is elongated and the web is stiffening the top and bottom flanges; 
see fig. 3. 


Fig. 4 represents the same 
beam as shown in fig. 1. Cut off the 
beam in EP at a distance D from 
the left support, and. provide a 
hinge at E, 



The reaction R of the left support 
would turn the portion of the beam 
AEFG about E and its turning effect 
being Rxd which is called the Bending 
Moment at the section EP, but before it 
is cut this tendency to bend the beam 
is resisted by the horizontal tension 
Ht in the bottom flange; see fig. 5. 



/> 5 . ¥. 




8 


GRAPHIC STATICS. 


Ohap« XV f 


Now AEFQ of fig, 4. ia kept in equli- 
briutn by three forces viz. reaction R, horizontal 
tension Ht^ and the reaction Rt at the hinge. 
Selecting E as moment centre we have Bxdea 
HtxD where D is the d^pth from centre to 
centre of flanges. Here Hxd is the Bending 
Moment at the section EF, and HtxD is called 
the Resisting Moment at the same section EF* 

Hence at any section in a beam the Bending 
Moment is equal to the Resisting Moment or in 
symbols B. M.saR. M. 

Again RxdaiHtxD 
— Rxd B. M, 




M 


\G r 




^ . . ■ f ■ »C 


rto.e. 



It* 


Therefore the flange stress in any beam or 
girder ( Plate or Braced Girder ) is equal to the 
bending moment divided by the depth of the beam 
or girder. D is the depth from the centres of 
gravity of both the flanges. 

The same result we will get by selecting F as moment centre 
see fig. 6, 

HcxD«Rxd. Ho = 

It has been shown above that HtaBM, Ht^Hc 

Hence it is known that the compressive flange stress is equal to 
the tensile flange stress. 

Now let us select a moment centre midway between E & P as 
shown in fig> 7« Then the direction of reaction at the hinge is vertiod 
and ia equal to R, Then the beam ABPG is kept in equilibrium by tho 
two balancing couples viz. Rxd and Ht x D or He x D. 

We have then Rxd^HtxD + Hcxl^or HtxD or HoxD as 

2 2 

before* 



Hence for equilibrium the Bending Moment at any section in a 
beam must be equal to the Resisting Moment at that section* 

SHEAR — The load on the beam is vertical and the reaction is 
vertical; see fig. 8. The^tuming effect of reaction R about the point E 




STRESSES IN BE^MS. 


OWP. IV. 


8 


is resiabed by Ht. The hinge is therefore to resist the vertioal stress 
viz, the vertical shearing stress. 

The vertical shearing resistance is nothing but the vertical com* 
ponent of hinged reaction Bs, the horizontal component of which is Ho. 
Therefore Ho & Ht in the flanges resist the turning efEect of B^ and 
these being horizontal cannot balance B which is vertical. 

In a complete beam therefore nearely the whole of the horizontal 
stress is borne by the flanges and nearly the whole of the vertical stress 
(viz. shear) by the web. 


STRESSES IN BEAMS. 


In a solid beam the resisting force is provided: by the tensions 
and ooxnpressions in all the longitudinal fibres in a cross section^ as 
proved previously. We will now find where the resultants of these forces 
act. By this, the effective depth of the beam may be ascertained. 

Before proceeding to investigate further, students should know 
Hook’s Law and Modulus of Elasticity. 

HOOK’S LAW — This law states that within the limit of elasticity^ 
the stress is proportional to strain. 

To illustrate this let us take a bar of wrought iron 10 inches 
effective length and I square inch in cross section and load it in a 
testing machine with a pull of 6 tons* 

Within the limit of elasticity, if the total elongation be 005 inch 


then per 


inch length of the specimen 


elongation would be 


•005 

10 


•0005. 


If e represents the elongation per inch of length ; L the original 
length of the bar; Z=s total elongation and P =rthe stress per Q" producing 

this elongation; then~ = e. 6 = “^= 0005. 


•0005 is the strain per inch length of the specimen. Hook’s law 
states that within the limit c£ elasticity' P is constant^ that is 
stress pOT "e 

strain i)er inch. 


This constant 


stress per 


. . -- is known as the Modulus of Elasticity, 

strain per inch. ^ 

Hence the Modulus of Elasticity of the wrought iron speotmen is equal 

. stress per square inch 6 

to — — r = AA 7 rc ®=^2000 tons per square mob, 

strain per inch *0005 ^ ^ 

Now going back to the first paragraph,, let us take a beam and 

load it with Wi assuming the Load W is within the limit of elasticity 

of the beanu 



4 


GRAPHIC STATICS. 


Chap. IV. 


The stresses in ibe fibres are then proportional to their strains. 
Fig, 9 represents a beam supported at the ends, but as yet unloaded and 
let it be divided into a number of equal short lengths. 

Now load the beam with W at the 
centre and the effect of this load is to 
bend the beam as shown in Fig 10. The 
upper surface is compressed and the 
lower is elongated. 

Any two adjacent lines of division 
originally vertical, become inclined to 
each other and their directions, if 
produced meet at the centre of curvature. 

Take one of the divisions to a bigger 
scale as shewn in fig. 11. 

Line LL originally vertical assumes the position after bending. 
The ordinates of the triangles 
LOL^ & LOL^ are the actual 
strains in the different fibres and 
therefore represent their stresses. 

As we observe the stress is zero at 
O and increasing in proportion to 
the distance of any fibre from 0 and 
maximum at the extreme fibres viz. 
at the top and bottom of the beam. 

The longitudinal layer in a beam which is neither contracted nor 
extended is called the Neutral Layer and the intersection of this layer 
with a cross section LL is called the Neutial Axis of the section. 

It is evident then that the longitudinal stress per unit of area is 
a maximum at the extreme fibres of a cross section and uniformly 
diminishes to zero at tho neutral axis. 

Since only the extreme fibres are offering their full resistance^ 
it will be a great saving, if material is removed from the region of the 
neutral axis and placed as far as possible from it. 

This explains why in steel sections such as standard beams and 
similar sections, the material is mostly conceutrated at the flanges as 
seen in fig. 12. 

In ordinary steel beams the web is 
usaally very thin and is not taken into con- 
sideration while calculating to resist a given 
bending moment and yet gives a very satis 
factory result for most practical purposes. 
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Wooden beams cannot be conveniently made flanged sections owing 
to the very low value of working stress of 1200 lbs. per square inch in 
compression and in tension. The breaking load per square inch 
is 8400 lbs only. Consequently timber beams are generally rectangular 
in section. 

Take a portion of a rectangular beam supported at both ends. 
The neutral axis is at mid depth as shown in figure 13 

The ordinates of the triangle OLL^ are the actual strains and 
therefore represent the stresses at different distances from the neutral 
axis^ viz. compressive and tensile stresses above and below the neutral 
axis respectively. 

The resultants Ro & Rt of these stresses must pass through the 
centres of gravity of these two triangles that is at 2/3 the perpendicular 
height OL. The resisting moment at the section LL is Rcxdc+Rtx 
dt=(Rc or Rt) X 2/3 D, where D is the depth of the beam. 


Now Rc or Rt 
is equal to sum 
of the ordinates 
of the triangle 
OLL, or the area 
of the triangle 
DLL,. But LL, 
represents the 
extreme fibre stress. 



If we call f as the extreme fibre stress, then Rc or Rt = 
if but resisting moment=| DxRc or Rt=J/ 

If you assume some breadth B to the beam then Resisting Moment 
is equal to BD^ or in symbols:— 

R M. = ^/BD2 

N.B. To have an advanced knowledge of the beam theory, 
students are advised to read some standard books on the subject. 


cantilevers. 

EXAMPLE 1 — Take a cantilever 10' long loaded with 2 tons at 
the extreme end ( A beam having one end fixed and the other free is 
called a cantilever), see fig. 14. 
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The moment oi this load about the point 0 is equal to 2 x I0ss2Q 
tons feet, because the moment about any point in the beam i*s equal to 
the load multiplied by the perpendicular distance to the point from the 
load. Since the load tries to bend the beam tovTards the point G, the 
value of 20 tons feet is called the Bending Moment at that point. 

We can draw the Bending Moment diagram graphically as 
follows:— 

Plot the load AB to some convenient sofde, see fig; 14 (b) and 
select a pole O at a distance of some convenient whole number of 
inches from ah to facilitate easy multiplication. 

Produce the load line AB fig. 14 (a) downwards and select any 
point D on it and draw rays parallel to ao & bo^ so that they may touch 
the wall line in E & F. 

Now the triangle DEF is the Bending Moment diagram. 

PBOOF: — The two Itriangles abo & DEF are similar ab: H::EF: d. 
/.a6xd=EPxH, but aftxdis the moment of the force A B> about 
the point C. 

Therefore the intercept EF multiplied by the pole distance H is 
the moment of the force AB about the point C. At any other point of 
the beam say X the B. M. is equal to the intercept GH multiplied by 
pole distance Q. 

8HEAEING FORCE:— The load AB has another effect on the beam> 
that is to shear the beam vertically at any section equal in amount to 
load AB, and this is plotted in the figure as shown. 

Note: — (1) To measure the shearing force at any point X in a 
beam, draw a vertical line from the point on to the shearing force 
diagram^ the intercept KL in load scale gives yon the shear at the 
point X. 
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(2) Whil* oalealating the bending moment take intercept in 
linear scale and pole distance in load shale. This may be caloala« 
ted by Moment Scale thus— Linear Scale x H tones 8x1x4— 32. 

1*=32 tons feet 

RELATION BETWEEN BENDING-MOMENT & SHEABING FOBOB. 

The Btnding Moment at any-point in a beam is equal to the 
area of the Sharing Force diagram between the free end of the 
beam and that point. Thus in fig. 14 the B. M. at the point X, 
7 from free end is equal to the area of the shearing force diagram 
between the free end and the point X and this is equal to 2 x 7s 14 
tons feet. 

B. M. at the point X is equal to the intercept OH multiplied 
by pole distance H in load scale. GHsS'S feet pole diet. I*s4 tons. 
Therefore 3'5x4sl4.0 tons feet as above. 

Similarly B. M. at C=2xl0s20 tons feet and this is equal to 
the area of the shearing force diagram between the free end of the 
beam and the point C. 



EXAMPLE 2 A cantilever 20' long carries loads as indicated 
in fig, 15. Draw Bending Moment and Shearing Pone diagrams 
graphically, 

SOLUTION t — Draw the load line aAccfe and oomeot the same 
with a pole O and a polar distanoa-H equal to some whole number of 
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inches. Draw the corresponding Funicular Polygon. This Funi* 
cular Polygon is the Bending Moment diagram, (see fig. 43 Part 1). 
Maximum B. M. is at the fixed end of the beam and at any point, 
B. M. is equal to the ordinate in the funicular polygon multiplied 
by polar distance H. 

Note ; — Bending moment diagram for load DE, is M G F, for 
loads CD, DE is M Z' A' H G F M ; for loads BO, CD, DE is M Z' 
A' B' K H G F M ; and for loads AB. BO, CD & DE is M Z' A' B' 
LKHGFM. 

Shearing Force diagram for one load DE. is NO'PQN ; for 
loads CD DE is, S R N O'PQTS; for loads BO, CD, DE is, VUSRNO' 
PWV and for loads AB. BC, CD & DE is YXVUSR NO'PZY, 

A uniformly distributed load is a load which is applied with 
equal intensity along the whole length of the beam, as in a beam 
supporting a wall of uniform height of equal thickness or a beam 
supporting the floor slab of uniform thickness. 

EXAMPLE 3 : — A cantilever 20' long is loaded uniformly with 
2 tons per foot run. Draw the B. M. & S. F. diagrams. 



SOLUTION : — Divide the beam into 10 equal parts, or any 
number of equal parts, greater the number the more accurate the 
result will be. In this case each division represents 4 tons and 
this load is assumed to act at the center of gravity of each' division 
as shown here. 

Bending Moment and Shearing Force diagrams are drawn in 
the same way as pointed out in the previous example. The top line 
in the B, M. diagram is almost a parabola* 

In the Shearing Force diagram the top line is of stepped form, 
because we converted the uniformly distributed load into a number of 
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oonoentrat«d loads and the stepped S. F. diagram is oorreot for 
oonoentrated loads, bat as this is really a distributed load every point 
in the beam is loaded and hence the shear should decrease gradually 
from the fixed end to the free end. Now if we double the number of 
divisions, we get twice the number of smaller steps in the same space; 
and by taking innumerable divisions in the beam the stepped form of the 
shearing force diagram will almost end in a straight line. Therefore 
one straigt line A' M' is drawn and this passes exactly through the 
centres of these steps. The projected portion above this mean line may 
be neglected, but it shows the construction for the number of loads we 
took. 

CANTILEVER WITH A UNIFORMLY INCREASING 
* DISTRIBUTED LOAD. 



BZAHFLB 4.— A cantilever 10' long is loaded with a uniformly 
increasing dsitributed load starting from the free end. Total load is 
equal to 12 tons. Draw the bending moment & shearing force diagrams. 
Solation.»-Fir8t draw a triangle representing the given load 
2 
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over the cantilever by selecting any suitable height over the fixed end of 
the cantilever and joining that point to the free end as shown in fig* 17* 

This triangle represents the load diagram and the area of this 
triangle represents 12 tons. Divide this triangle into any number of 
equal parts say at two feet intervals as shewn here. 

Except the first division on the right, the rest of the divided por- 
tions are in the form of trapeziums. Find the centres of gravity of these 
portions as follows: — Divide the trapezium into a rectangle and a trian- 
gle and get the centres of gravity of these two. Connect these two points 
with a straight line and the intersection point of this straight line with 
the centre line of the trapezium is the Centre of Gravity of the 
trapezium. 

The method of calculating the load is* as follows.— The first 
division at the free end of the cantilever is a triangle, the second 
division is a trapezium and this contains three such triangles to the 
size of the firet. These three triangles are shewn in the figure. By 
similar construction it can be shewn that the third division contains five, 
fuorth seven, and the fifth nine such triangles. 

In all there are 25 such triangles like the one represented in the 
first division. Total load equals 12 tons and therefore each triangle will 
have the magnitude of^he load equal to h|=s*48ton. 

The left hand first division contains 9 small triangles and the 
magnitude of the load is equal to *48 x 9 = 4*32 tons. Similar calculations 
for the rest of the divisions are made. 

These loads are assumed to act at the centres of gravity of the 
corresponding divisions. The polar diagram, together with the corres- 
ponding funicular polygon, which is the B. M. diagram and the shearing 
force^diagram are drawn as usual. 

Note: — The shearing force diagram will end in a parabolic curve 
for the following reasons : — We observed in the previous sheet example 
3, that a meam line drawn in the shearing force diagram exactly cuts 
the mid point of each step; consequently the mean line drawn from 
the fixed end to the free end in this figure, must also cut the mid point 
of each step; the line joining these mid points will naturally take the 
form of a parabolic curve. 

Since every point in the beam is loaded the B. M. & S. F. diag- 
rams are to be continued as far as the extreme end of tho beam, as 
shown in the diagrams. 
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beam supported on both ends * CARRYING A 
CONCENTRATED LOAD AT. THE CENTRE. 

EXAMPLE 6«-The span of a sapported beam is 16' and tbe beam 
is loaded at the centre withiO tons. 'Draw the M. & S. F, diagrams 
graphicallj. See 6g. 18.. 
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SOLUTION: — Draw the polar diagram for? the load given and 
draw the corresponding funicular polygon. This funicular polygon 
represents the B. M. diagram. See fig. 43 part I, 

Prom pole 0 draw a ray OC parallel to the closing line of the 
funicular polygon. Then h c represents the magnitude of reaction at 
the right support and c a the reaction at the left support. 

After determining the reactions you are to draw the shearing 
force diRgram. Now the shear at the left end is equal to the reaction 
at that point = ca and this is constant till it meets the load AB. Load 
AB is acting downwards and therefiire the shear at that point is equal 
to ca — a6= —c6 and this is constant till it meets the right reaction and 
it is neutralized by the upward reaction of 5 tons and consequently 
reduces to zero. 

Again if yon start from the right end, you see the force BO acting 
upwards and this is the shear at that point and is constant till it meets 
the load AB which acts downwards. Shear at this point=5c — a6 = ac 
which acts downwards and this is constant till it meets the left reaction 
ca which is acting upwards and is then reduced to zero. At the centre 
of the beam there exists a positive shear of 6 tons and a negative 
shear of 5 tons and so the total shear there, is zero, 

Ifote : — Immediately to the left & right of the load at the contre, 
the shear suddenly increases to^the value of-f5 tons ann — 5 tons 
respectively on the assumptm that th i load is applied at a single point. 
Actually this is not the case, but every load has a few inches bearing 
and the S. F. diagram at the load point then appears as shown ut 
fig, 24 page 15. 
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IDENTIFICATION OF POSITIVE & NEGATIVE SHEAR IN A BEAM. 


beam upwards at that section 
and to the right of that section 
the shear is downwards as 
shown in fig. 19. Also at any 
section such as AA between 
the left hand support and the 
central load, the shear is down- 
wards to the right of that 
section and upwards to the left of that section. The downward shear to 
the right at the section has clockwise moment about the left support, 
and hence the shear from the left support to the central load is positive. 

Again coming to the right support, the reaction shears the beam 
upwards at that section and to the left of that section, the shear is down- 
wards. Also at any section such as BB between the right end and the 
central load, the shear is upwards to the right of the section and 
downwards to the left of the section as shown in the fig. 19. 

The downward shear has anti-clockwise moment about the right 
support and therefore the shear is negative. 

POSITIVE & NEGATIVE BENDING 

In a supported beam as in the above 
example, the central load tends the beam to bend 
concave upwards as shown in fig. 20; whereas 
in a cantilever with a load at the free end the 
concave side is downwards^ as in fig. 21. It has 
become the usual practice to distinguish these 
bending actions by designating the bending 
shown in figure 20 as positive and that of 21 as 
negative. 

Note : — In graphical method, the S. F. diagrams are projected from 
the load line in the polar diagram and the positive & negative shear 
will be disignated by -j- and — sign respectively. 

SUPPORTED BEAM CARRYING ANY NUMBER OF 
CONCENTRATED LOADS 

EXAMPLE 6 — A beam of 40 feet span carries loads as shewn and 
it is required to draw the B. M. & S. F. diagrams graphically. 


MOMENT. 



The left end reaction shears the 


/O T€WS. 
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SOLUTION — Draw the polar diagram for the loads given and from 
it the corresponding equilibrium polygon as usual. From pole 0 draw 
a ray parallel to the closing line of the equilibrium polygon and let 
it intersect the load line at/. Then lines ef& fa represent the magni- 
tudes of reactions at the right and left support. 

Equilibrium polygon is the Bending Moment diagram. 

The shear at the left end is equal to the reaction fa and is 
constant till it meets the load AB. At AB the shear is equal to/a— a6=a 
fh and this is constant as for as it meets the load BC and at BC the 
shear is equal to/a — aft — 6c=s — /c, this is constant as far as the load 
CD. At CD the shear is equal to fa— a6-* 6c — c(i=^ — /d, This/d is 
constant as far as the load DE and at DE the shear is equal to fa — a6 — 
6c — cd — de= — /e and this is neutralized by the upward reaction ef at 
the right support. If the load has a few inches bearing the shear 
under the load is reduced by half the amount of the load in |the nega- 
tive shear and in the positive shear it will increase by half of that load. 
For example shear under the load A B is equal to/6 + J ba and under 
the load DE«(-/d) + i {-de). 

SUPPORTED BEAM CARRYING A UNIFORMLY DISTRIBUTED 
LOAD OVER THE WHOLE SPAN. 

EXAMPLE 7.— Let the beam ( fig, 23 ) be of 60 feet span and 
carry a uniformly distributed load of 2 tons per foot ran. 



GrlliPHlC STATICS. Chaf. IV. 


Draw B M. &‘S.F.; diagrams for tlie«sanie. 



SOLXJTIOU’ Divide the load into any number of equal parts as 
shown, and name these loads according to Bow’s Notation and proceed 
in the same way as shown in the example 3. 

Aoic: — If w = the total load & 

L=5spanin feet. Then reactionss:^. 

2 

B. M. at centre = 




IV 

a 






AV 


WJj WL 


( >y frL \ — ” ^ _ »* jj _ 

T 4 / 4 ~8 


/7<?. £3. A 


Hence for a uniformly distributed load, th® 

o 8 

maximum bending moment = ^^^^. Similarly for a concentrated load at 

o 

W L WL 

the centre the maximatn B. M. is eqnal to — x ^-=:— j-. 


SUPPORTED BEAM WITH A PARTIALLY DISTRIBUTED LOAD. 

EXAMPLE 8.— Beam shewn in fig 24 is to carry a load of 2 tons 
per foot run over a length of 40 feet. Draw B. M. & S. F. diagrams. 





80LUT10K: — In funicular polygon the closing line is to touch the 
reaction lines. Therefore the first and the last r ay of the funicular 
polygon are to be produced to meet the reaction lines as shown. This 
polygon is the B. M. diagram. 

Shearing Force Diagram:-— Shear at the left end of the beam is 
equal to ah and this is constant as far as the left, support. At the 
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support the shear is equal to ka acting upwards and just over this point, 
in opposite direction there is a load of 6 tons BO acting downwards. 
Therefore the shear at the support — jfca — a6 — 6c = fee and this is 
constant till it meets the load CD. At this point the shears fee — = 
and this continues on till it meets the load DE. At DE the shear a fed — 
dess-- fee and this is constant till it meets the load EP. At EP the 
shear = (-fee) + (-c/)= —fe/ and this is the same as far as the right 
support. At this right support the shear is equal to the reaction ftfe. 
Out of hk which is acting upwards you are to deduct the downward 
shear fe/ and the balance h/ is constant till it meets the load PG. At 
this point the shear = fe/— and this continues till the right 
free en^. 

w^XAUFLE 10. — Given the balanced cantilever, 52 feet long, 
supported at 12 & 10 feet from either end and loaded with a uniformly 
distributed load of 2 tons per foot run together with the concentrated 
loads as shewn, draw the B. M. & S. P. diagrams. 



SOLUTION:— Divide the distributed load into any number of parts 
so that the divisional line may exactly coincide with the line of action 
of the concentrated load. In this way, concentrated loads are not 
mixed up with the distributed loads. From the left end of the beam to 
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the left support, divisions are of 5 feet intervals and from the right 
support to the right end of the beam they are of 6 feet intervals. 

B. M. diagram for these loads may be drawn without any difSoulty^ 
but care must be taken that the first and the last ray of the funioular 
polygon must touch the reaction lines at the supports. 

Shearing force diagram:— -Left free end shear is equal to the 
concentrated load AB and from that point throughout the length of 
the beam there is a distributed load. Where there are concentrated 
loads, there the vertical lines equal to their magnitudes are to be drawn; 
and the rest of the stepped form of the S. F. diagram is to be connected 
with mean straight lines as shewn here. 

/EXAMPLE 11:-— A beam 40' long carries a wall of the shape shown 
in fig, 27 and it is of uniform thickness of one foot. One cubic foot of 
wall weighs 112 lbs. Draw bending moment and shearing force diagrams* 



SOLUTION:— Weight of wallBa 2o-f 5 x 40 x IIP lbs. 4- 2240 25 

2 

tons, Rectangular portion of 5 feet of wall weighs 40 x 5 x 112-r2240«« 
10 tons. Then the triangular portion of the wall must weigh 25 — lOn 
15 tons. This big triangle as a whole contains 16 smaller triangles to 
the sise shown in the right hand first division ( see example 4 page 10 )• 
8 
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Therafora each triangle T^eighs ISflS tons or in decimal *9375 tom In 
this way loads are calculated. For example load DEa«2*5 tons-f *9375 «§ 
8^437 or say 3*44 tons. 2*5 tons is the weight of rectangular portion of 
the wall of one division. 

Bending moment diagram is drawn as usual. Shearing force 
diagram is drawn in a stepped form as if the loads were concentrated 
ones but since the load is uniformly increasing, every mid point of each 
step is to be connected with a mean curve as shewn in the diagram. 

Notei^^eioTQ proceeding to plot the load in the load diagram, 
you are to find the centre of gravity of each divided strip as shewn in 
example 4 page 9 fig. 17. 

EXAMPLE 12:— -A beam 16 feet long is loaded uniformly with 
2 tons per foot- run and supported in the centre. Show how you draw 
the B. M. & S. F. diagrams. 



SOLUTION: — 
Since there is 
only one support 
the total load is 
equal to the re- 
action at the 
centre. 


Therefore in B. M. diagram the first and the last ray of the 
funicular polygon are to meet at the reaction line as shewn here. Shear 
at the centre is equal to the reaction, which equals the total load ka% 
At the extreme left and right end, the shear is zero and gradually 
increasing on either side towards the support as shown. 

EXAMPLE 13:— A beam is in equilibrium by the action of 8 
external loads and two reactions. The magnitudes of loads and one 
reaction are known. Determine the span and the other reaction* 
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SOLUTION.— AB a 4, BCaS^ & GDaa)) tons. Reaction EAas7*5 tona 
Draw the polar diagram for the given loads. Plot the given reaction 
ea on the load line equal to 7*5 tons. Join t with the pole 0. Now to 
shoi^ld be parallel to the closing line of the equilibrium polygon, because 
the closing line determines the magnitudes of the reactions at the 
supports. Prom the starting point 6 of the equilibrium polygon draw 
the closing line and get it intersected at F. This fixes the span. 

EXAMPLE 14: — Draw tbe bending moment and shearing force 
diagrams for the balanced cantilever with concentrated loads as 
indicated in figure 30. 



rfG.so. 

L/neorf / 
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SOLirnOST:— Dravr the B. M. diagram. The first and the last ray 
shoiild touch the reaction lines. From pole O draw a line parallel to the 
closing line and since this line goes a little down of the load line of the 
polar diagram^ the load line is to be produced downwards to meet it 
at g. Hence the reaction at the right support is acting downwards and 
its magnitude is^*^. Magnitude of the reaction at the left support is gd 
acting upwards. 

Shearing Force— Shear at the left free end is ab and when it comes 
to the load BC, the shear is further added by the load BO. This 
remaining the same as far as the left support. At this support shear is 
equal to ga acting upwards and AB, BO, act downwards. Therefore the 
balance gc is constant as far as the load CD. Shear at this point — 
cdsagd, and this is constant till it reaches the other load DE. At this 
point the shearsas^d—dg—j^c still acting upwards till it reaches the 
right support. The reaction at this support is downwards and the 
shear at this point and this continues till the right free end 

is reached and this equals the load EF. 

FLOATING BEAMS. 


Suppose a beam of uniform thickness and density is thrown into 
the water, then the beam floats as it is lighter bulk for bulk than water, 
and the water exerts a total upward pressure just equal to the weight 
of the beam. 


At every point in the bottom surface of the beam there is an 
upward pressure just sufficient to resist the downward pressure at that 
point as shown in the diagram of fig. 31, 


The beam therefore 
will be in a state of 
perfect balance and 
consequently there is noj 
bending moment or 
shearng force. When there is 
in fig.32 water will have 
to exert an additional 
upward pijessure equal to 
the load; and this pressure 
will be uniformly distri* 
bated along the length of 
the beam. 


//cf. 3/. 





an external load on tlie beam as shewn 
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IrtiB prMBure that lialaneev the weight ot the beam produce* no bendlnr momont 
or ahearlng force* The onljr load that produce* the bendin* moment 1* the external load 
placed on fhe floatlniT beam. 

EXAMPLE. 15 .*-A beam of uniform thlckne** apd deneity is 20 feet loner and floats 
In water. A boy weiahina 80 lbs. sits on It 8 feet from one end. Draw B. M. A S. F 
diaai^am*. 



SOLUTION ;-Slnce the boy site a little bit riaht to the centre of the beam the 
upward pressure of the water Is not uniform, and therefore the pressure flaure is to be 

R 80 

drawn as shown in the diaaram. The oridlnate VS is equal to— ——4 lbs. and is taken 

L. 20 

exactly in the centre of the beam. Points P and Q are at one third the lenath of the 
beam and are Joined to the point S. The resultant load R is produced downwards to 
intersect the line QS at U and IS produced at T. Then UX and TZ are drawn 
horizontal! V to meet the vertical lines drawn from the ends of the beam. Then 
WYZX is the pressure flaure. For the explanation of this pressure flaure see the chapter 
on miscellaneous examples at the end of this book. The pressure tigwre is divided 
equally into 10 parts and the bendina moment and shearina force diaarams are drawn 
as usual. ( See example 12 also ) 

EXAMPLE 16 ;— A timber beam 25* Iona and 1^*' square floats in sea water. The 
weiahtof the timber is 40 lbs. per cubic foot and of the water 68*5 lbs. per cubic foot. 



graphic statics. OBir. nr. 

Two weights Juat auMdent to immerse are placed upon the beam 7' from oach ond. Draw 
B. M. andS.F dlacrrams and state the value of the meximum ft. M At what distance 
from the ends should the wei|g:hta be placed so that the i^reatesc li. M is as small as 
possible. ? C a. Sc. Liond ). 



( 1 5"X 1 5'' 

)X 2.S X 40—1662 lbs, welsrht of 

12X12 / 

water displaced— 29*06X62 5 lbs— 2480 lbs Tht^n the magrnltude of the weig:ht— 24 80>- 
1562—918 lbs, which Is to be placed upon the beam in two points. Kach weight is there- 
fore equal to 918/2— 459 or say 460 lbs. Upward pressure of water per foot length of 
thebeam— 918}25— 36 72 lbs. 

The beam has been divided Into 10 equal parts and each part is equal to 2*5 feet 
with an upward pressure of 2*5X36*72. lbs. —91*8 lbs. assumed to act at the centre of 
gravity of each division as shown. 

The external two loads applied at 7 feet from each end serve as supports of 
the beam. This beam may be taken as a balanced cantilever with a uniformly 
distributed load of 36*72 lbs per foot run 

Bending moment and 
shearing force diagrams 
may be drawn as shewn 
in dg. 34. 

Again If the bending 
moment at XYZ ( See 
flg* 34 ; were equal to 
one another, then the 
maximum B M, will be 
as small as possible. 
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Call W the apward pressure per ^ (foot ran of the beam, 2L the 
span, L half the span and « the distance from the end of the beam to 
the external load. See fig. 35. 

Now B. M. at ZsB — WLx^ + WL ( L— as ) changing the minus 

sign we have WL x WL ( W— as ). This mnst be eqnal to the B. M. 

at X or Y, but the B. M. at Y is equal to— W® x ^.Therefore WL x^— 

Z is 

SB 

WL ( L — » )ea— Wax g/ eliminating W from both the terms we have 

^ — L2+La=s Multiplying this by 2 we get L^— 2L2+2La«i — 

x^. Transposing we have x^+2hx+L^ss2h^ 

( fic+L )2=:2L2; 

a + L=s X v/^ = L-v/2“ 

/. a»IV^r~L= 12*5 X 1-4142- 12-5=5-17 feet. 
/. a=:5*17 feet. 

Hence the external weights must be placed at 5*17 feet from either 
end of the beam to get the maximum B. M. as small as possible. 

beam hinged at one end & SUPPORTED NEAR THE OTHER END. 

EXAMPLE 17: — A beam 30' long is hinged at the left end and 
supported at a point 10' from the right end. Draw B. M. & S, 
diagrams for a load of 10 tons placed at the right end. 

SOLUTION 
AB is the load, BG 
and GA are the 
reactions at the right 
and left support 
respectively. 

Load AB is to 
be connected with the 
rays ao & bo^ right 
reaction BO with 
ho & CO and left 
reaction OA with 
ao & CO 

If from pole 0, a line parallel to the closing line were to be drawn 
it intersects the load line ah above a in the polar diagram. Left end 
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reaction ca in the polar diagram reads down from c to a and hence 
the direction of reaction at the hinged end is downwards. After this 
the S. F. diagram may be drawn as usual. 

EXAMPLE 17: — Draw the bending moment and shearing force 
diagrams for the same beam of example 16 with an additional load of 
20 tpns at 10 feet from the left end. 


SOLUTION:— The 
procedure is similar 
to the example 16 and 
there is no difficulty 
for the student to 
follow this; the only 
difEerence in this ex- 
ample is, that the re- 
action at the hinged 
end is upwards. 



EXAMPLE 18:— A cantilever is loaded and supported as shown 
in the figure 38. Draw diagrams of shearing force and bending moment 
and measure the maximum values of these quantities. State the 
magnitude of the supporting forces at H. & K. (1. Sc. Eng. PartIL 1928) 

SOLUTION: — Directions of reactions are given; uniformly distri- 
buted load extends to a distance of 4 feet. You are to divide that at 
least into 4 equal parts and the magnitude of each bit is 120 lbs. as the 
total magnitude of the load is 480 lbs. 

Name these loads as shown and proceed as usual. Care must be 
taken that the first ray ao is to touch the left reaction line and the last 
ray go is to touch the right reaction line, A ray oh is to be drawn from 
pole O parallel to the closing line and yon observe that it goes right up 
and gets itself intersected at h. 
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Now gh is the magnitude of the reaction at the right support and 
ha which acts downwards is the magnitude of the reaction at the left 
support. 

Maximum bending moment is exactly at the right support and the 
magnitude of which may be measured to the B. M. scale. 

Maximum shear is at the left reaction and this may be measured 
to the load scale. 

Shearing force diagram— Shear at the left support is equal to the 
reaction ha acting downwards and is constant as far as the right support. 
Shear at the right support acting upwards, therefore the balance 
gh — ha^ga acting upwards is constant till it meets the load AB which 
is acting downwards, and must therefore be deducted. Similarly every 
other load is to be deducted as shown. 

EXAMPLE 19: — A beam 40 feet long is supported at 10 feet from 
each end and is loaded uniformly with one ton per foot length on the 
projected portion beyond the supports. Draw B. F. and B. M. diagrams. 
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SOLUTION:— Bending moment diagram is drawn as usual and 
bending moment is uniform between the supports as shown in the 
diagram. 

Shearing force is nil at the extreme free end and increases 
uniformly towards the support, but at each support the reaction is 
equal to the downward load and shear is neutralized and reduced to 
zero. Hence the shear between the supports is zero. 


HORIZONTAL BEAMS WITH INCLINED LOADS. 


When there is a vertical load on the horizontal beam, it acts 
vertically down and reactions on the supports are vertical and when 
the same beam is exposed to an inclined load, this inclined load tries 
to push the beam either to the right or to the left depending on the 
inclination of the load. For example load AB ( fig. 40 ) is inclined 
towards the right and it tries to push the beam towards left, therefore 
the beam should either be fixed or hinged to prevent its motion towards 
the left end of the beam. Hence the direction of reaction at the fixed 
end is not vertical; since the right support is free to move, the direction 
of reaction is vertical. 
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This inclined load 
and the right reaction 
intersect at D and the 
reaction at the hinged end 
must also meet at the same 
point. 

Hence the direction 
of reaction at the hinged 
end is determined. The 



triangle of forces drawn on 

top of the figure determines ! /^/C- 

the magnitudes of these ~ 

forces. I 

Bending Moment. — 

Resolve this load W into its horizontal and vertical components HW & 
VW. Vertical component produces bending moment and shear in the 
beam, and horizontal component produces thrust in the beam, Hw=s 
HR. Bending moment diagram is drawn in the same way as in the case 
of an ordinary beam. 

Thrust at the point of application of the load is equal to Hw and it 
is plotted vertically in the diagram and this is constant as for as the left 
support and at this support HR which is the horizontal component oi Ti, 
thrusts the beam in the opposite direction to Hw and neutralizes the 
thrust. 

Fig. 41 shows 
two inclined loads; 


one inclined at 45° 
to the right and 
another at 60° to 
the left. Horizontal 
compon ents of these 
two loads are ac- 
ting in opposite 
directions. 

The resultant 
thrust is equal to 
the differance of 
these two and is 
equal to Tt* Hence 
the left reaction is 
to resist this thrust 
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T| and from this the direction of reaction ia known. This method of 
finding the direction of reaction is easier than shewn in fig. 40. 

EXAMPLE 20:— A beam supported on a span of 16 feet is ex- 
posed to the action of three forces with different inclinations. Draw 
the bending moment, shearing force and thrnst diagrams and also find 
the direction of the reaction at the hinged end. 



SOLUTION First resolve the forces into their horizontal and 
vertical components. 

Take only the^, vertical components for bending moment and 
shearing force diagrams and draw them as usual. 

All the horizontal thrusts are of the same direction and the 
starting point of the thrust is from the point of application of the 
third force. 

Vertical reaction at the left end of the beam is equal to ea = 
Since the left end of the beam is hinged it is to resist T, & T 2 the 
horizontal components of the given loads. The final reaction would be 
the resultant of and (T+Tt+Tg) and they are combined in the 
diagram above. 

Thrust Diagram: — At the left end of the beam the thrust is equal 
to T-f T 1 +T 2 and plot this amount in a vertical line as shown. This 
amount of thrust which is acting towards the right is constant till it 
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meets the load AB; and at this point the thrnst is eqoal to (T-f T^ + Ta) 
— Ta«Ti+T 2 ; this is constant till it meets the load BO. At BC the 
thpust=*( T+Tj + Ta ) — ( T + T< ) = T 2 . Similarly at CD the thrnsts: 
(T+T,+T2)-(T+T, + T2)*0. 

EXAMPLE 21:-— Beam shewn in fig. 43 is loaded with inclined 
forces as shown. One end is fixed and the other is free Draw bending 
moment, shearing force and thrnst diagrams and find the direction of 
reaction at the fixed end. 



SOLUTION— Draw vertical and horizontal components of each load 
as shown. Take only vertical components for drawing B. M. A S. P. 
diagrams as nsnal. Horizontal components only are to be taken to draw 
the thrnst diagram. 

Thrnst at DEsTs acting towards left and it is constant as far as 
the load CD; at CD thrnst T 2 acts towards right and it is to bo dedncted 
from T 3 . The balance of thrnst which is very little acta farther on till it 
reaches the load BC; and at BC the thrust Ti is to be deducted from 
this and with similar deduction till the left support is reached. The 
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resaltant thrust is acting towards right, the hinged end is to resist 
this pull and consequently the direction of reaction is as shown in the 
diagram. 

J^ote : — ^Direction of reaction, naay also be found by plotting the 
given loads as they are, in a load line and drawing polar diagram and 
a corresponding funicular polygon, as generally done in roof truss 
diagrams. See part I. 

EXAMPLE 22: — Suppose the overhanging beam shown in fig. 44 
is exposed to the action of inclined loads as shown. Draw the bending 
moment, shearing force, thrust diagrams and also the direction of 
reaction at the fixed point of the beam. 



SOLUTION:— Ben- 
ding iiKuneiit and 
shearing force dia- 
grams ma} be drawn 
as usual by taking 
only • the vertical 
components of the 
inclined loads. 


Thrust diagram — From the load AB to load BO the thrust is equal 
to T which pushes the beam towards the left. At BO the thrust Tt 
pushes the beam towards the right; hence the thrust from this point to 
the load CD is equal to (T— Tj). At CD the thrust Ta is acting towards 
the left of the beam and therefore the thrust is equal to T — Tt + Tzand 
this is constant as for as the fixed point of the beam. At this fixed 
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point the thrast is equal to (T— Ti +Ta)— T 3 and from the right of this 
point to the point of application of the load DB, the thrust is equal to T 3 . 

Beaction at the fixed point is found as follows. Thrust at the 
fixed point s=(T+T 2 ) — (Ti + T 3 )=st. Vertical reaction at the fixed 
end is equal to ef. Plot these two forces at this point and get their 
resultant and this resultant gives yon the magnitude as well as the 
direction of the final reaction as shown in the figure. 

EXAMPLE 23:-— A beam 30 feet long hinged at the left end and 
supported at 10 feet from the right end is loaded as shown. It is requi- 
red to draw the bending moment, shearing force and thrust diagrams. 



SOLUTION: — Since the right hand support is free the reaction is 
vertical. At this point it appears as if there is a thrast on the right hand 
support, but really the thrust is on the beam and does not act at the 
support as it is free. 

The thrust diagram is as shown in the diagram. The resultant 
thrast t which pulls the beam to the right is to be resisted by the 
hinged end of the beam. 
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The final reaction at the hinged end of the beam is to be deter- 
mined by plotting the vertical reaction! Hi and the resultant thrust t at 
this end. Then the resultant of these two is the final reaction as shown 
in the diagram. It gives you the direction as well as the magnitude. 

In drawing bending moment shearing force and thrust diagrams 
for inclined beams with vertical loads, we are to resolve the vertical 
loads into components parallel and perpendicular to the beam. The 
perpendicular components are to be considered in drawing the bending 
moment and shearing force diagrams, but in drawing thrust diagrams 
the parallel components are to be taken. 

Bending moment diagrams may also be drawn for vertical loads 
without resolving those forces into components parallel and perpen- 
dicular to the inclined beam; for reasons which will be proved presen« 
tly in the example 24. 

Before proceeding to draw the diagrams for inclined beams, 
students should be well acquainted with the possible practical methods 
of supports, 

PRACTICAL METHODS OF SUPPORTS. 


In fig. 46 (a) the lower end is hing- 
ed and the upper end is freely supported. 
The reaction R is normal to the beam. 
The reaction R 2 is drawn through the 
intersection point of W and R. The 
triangle of forces gives you the magni- 
tudes of K 2 and R and the parallel 
component of B 2 equals T which is the 
parallel component of W. The hinged 
end of the beam is to resist the whole 
thrust. There is no thrust at the upper 
free end of the beam. R+Ri=V. 

Note : — The direction of reaction at 
the free end is always perpendicular 
to the bearing surface. 
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In fig. 46 (b) the lower end is free to 
move and the upper end is hinged. Reaction 
B is normal, and t the parallel component of 
R 2 equals T. The whole thrust goes to the 
upper joint. Kt + RaaV. 




In fig. 46 ( 0 ) 
the upper end is 
hinged and the 
lower end is free 
to slide hori- 
zontally. R is 
therefore verti- 
cal. R + Bt=W. 
Magnitudes of R 
and Ri can be 
determined as 
shown in the 
lower portion of 
the figure; t^ and 
V 2 are respe- 


ctively the parallel and perpendicular components of R and similarly Vi 
and tt are the components of Rt. If W is exactly in the centre of the 
beam tt=st 2 «iT andVt=V 2 =iV. Here we get the thrust at the 


free end of the beam as well. 


In fig. 46 (d) the top end is free to move and the lower end is 
fixed. The same relations as shown in fig 46. (c) hold good for this as well* 

Note:— In these two figures the bearing surfaces at the free ends 
are horizontal and the directions of reactions are therefoie vertical. 
Seeaote of fig. 46 (a)* 

5 
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In fig 46. (e) the 
lower end is fixed 
and the upper end 
is resting freely 
against a ^smooth 
wall and the reaction 
R is therefore hori- 
zontal. Reaction Ri 
is drawn through the 
intersection point of 
R and W. Magni- 
tudes of R and Ri are determined by the triangle of forces shown in 
the figure. t 2 — — V^+V 2 = V. In this case there is a greater thrust 

at the hinged end. 

EXAMPLE 24: — A beam 30 feet long is inclined at 30^^ to the 
horizontal and is exposed to the vertical forces as shown in fig. 47. 
One end of the beam is hinged and the other end is resting freely on 
the masonry. The supporting surface at the free end is horizontal. 
Draw the bending moment, shearing force and thrust diagrams. 

SOLUTION:— Since the bottom end of the beam is free to move 
horizontally the reaction R is vertical. Reaction Ri also is vertical as 
the given loads are vertical. The magnitudes of R and R^ can be 
obtained by polar and bending moment diagrams as shown in the figure. 
Bending moment diagram is drawn for the given vertical loads or it 
may be drawn by taking their normal components, but both give us the 
same value thus —Select any point Y in the beam. B M. at Y=3V5X X. 
B. M. at Y isalso= Rj x L. Proof: — Two triangles M Y N & M 0 P are 
similar. MP: NY:: MO: MY. /.MPx MY = NY x MO Here MP=V 5 , 
MY = X, NY=L, MO = Rt hence Vg x X=Ri x L. 


After determining the magnitudes of R and Ri resolve them parallel 
and perpendicular to the beam ; perpendicular components only are to 
be taken in drawing shearing force diagram; and for thrust diagram the 
parallel components are to be taken. Shearing force and thrust 
diagrams are clearly shown in fig. 47. and may be studied. 
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Note : — There is a thrast at the free end of the beam, only because 
the supporting surface is not parallel to the beam but if the supporting 
Bur face is parallel to the beam there will not be any thrust as you will 
BOO in the following example. 
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EXAHPLE 25:— Take a similar beam of example 24 and load 
it as shown in fig. 48, Let the supporting surface at the free end be 
parallel to the beam Draw the bending moment, shearing force and 
thrust diagrams. 

SOLUTION: — AB, BO are the vertical loads. Right end of the 
beam ia hinged and the left end is free and is kept on a base parallel 
to the beam. The reaction is perpendicular to the beam. The line of 
action of the resultant of the two given loads determined as shown 
above, intersects the free end reaction R at P and the reaction at the 
hinged end must therefore pass through P. Magnitudes of R and R^ 
can be obtained by the triangle of forces shown in fig, 48 (a). Bending 
moment and shearing force diagrams are drawn by taking vertical 
components as usnal but thrust diagram is drawn by taking parallel 
components. 

EXA.IILPLE 26:— A beam 25 feet long is hinged at one end and 
the other end is resting against a smooth wall. Inclination of the beam 
to the wall is 60^ and the loads are as shown in fig. 49. Draw the 
bending moment* shearing force and thrust diagrams. 
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SOLUTION:— Reaction at the right end of the beam is horiaontal 
as it is resting against the smooth wall. 

The resultant of the vertical loads passes through the intersection 
of the first and the last ray of the funicular polygon. The horizontal 
reaction and the resultant intersect at P and therefore the reaction at 
the hinged end must pass through the point P. Magnitudes of these two 
reactions are obtained by the triangle of forces as shown in fig. 49. (a). 

Bending moment diagram is drawn for the vertical loads, shearing 
foroe diagram is drawn by taking the normal components of thelvertical 
loads and thrust diagram is drawn by taking the parallel components 
of the same loads as shewn above. 

Aotc:— ri and r are the vertical reactions^ V 4 and V 3 are normal 
reactions and Ri and R are the final reactions. Thrust ti— iaaT + Tt + Ta. 
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EXAMPLE 27: — A 30 feet girder is hinged at B and simplj 
supported at A. The loading is as shown in the figure. Draw t’le 
B. M. and S. F. diagrams. ( I. So. Eug. Part II. 1926 ) 



SOLUTION: — ^Draw the given figure as shown in fig. 60 (a] Tliis 
will facilitate the naming of the forces according to Bow’s Notation. 

B. M. diagram is drawn for vertical loads, bub normal components 
of these vertical loads are to be taken to draw the S. F. diagram. 

Parallel components are to be taken in drawing thrust diagram. 
For vertical loads, vertical reactions llj and R are determined from polar 
diagram and funicular polygon. Each reaction R and B^ is resolved pai'a- 
llel and perpendicular to the beam. These perpendicular components {V 4 
4.V3)s= (V + Vi + 'V2) and parallel components (T 4 + T 3 ) = (T + Ti+T 2 ). 
Study the diagrams carefully. 
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EXAXPLl 28:~A beam 32 feet long is binged at 8 feet from one 
end and simply supported at 8 feet from the other end. The load is 
uniformly distributed with I ton per foot run. Draw the bending 
moment^ shearing force and thrust diagrams. 



SOLUTION: — The beam has been divided into 8 equal parts and 
each part equals 4 feet. Load which is equal to 4 tons acts at the 
centre of gravity of the divided portion. Each load is resolved parallel 
and perpendicular to the beam. B. M, diagram is drawn for the beam 
taking vertical loads. S. F, diagram is drawn by taking normal com- 
ponents of the loads. Thrust diagram is drawn by taking parallel 
components of the loads. 

In shearing force and thrust diagrams mean lines are to be drawn, 
as the load on the beam is a uniformly distributed one. 

(1) one thick line is to be drawn to represent the beam. 

(2) Free end reaction is vertical and the beam is allowed 
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to movo and hence this end also is to resist the thmst T 9 as shown 
in the figure. If the beam were allowed to rest freely on a bearing 
snrfaoe parallel to the beam at the free end, the direction of reaction 
were then be perpendicular to the beam and consequently there would 
have been no thrust. 

EXAMPLE 29: — A cantilever 6 feet long is inclined to the vertical 
wall at an angle of 70^. It carries a uniformly distributed load of ^ a 
ton per foot run. Construct bonding moment, shearing force and thrust 
diagrams graphically. 



mg 
I is 
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ROLLING LOADS. 

BENDINO MOMENT AND SHEABINQ FORCE DIAGRAM FOB 
ROLLING LOADS. 

EXAMPLE 30:— A beam supported at both ends on a clear span 
of 20 feet carries a single concentrated rolling load over it. Draw the 
bending moment and shearing force diagrams graphically. 



SOLUTION:— Divide the span into any number of convenient equal 
divisions as shown. Draw EF and GH equal to the travelling load AB 
and complete the rectangle. Draw the diagonal FG and from each 
division of the beam draw vertical ordinates as shown. 


6 
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Now when the load ia at the abetment the reaction is epnal to the 
load AB and when the load moves to point 1 the reaction at the left 
abutment ia equal to the ordinate below the point in the left traingle Q 
EF and at the right abutment reaction ia equal to the ordinate just below 
the point 1 in the right triangle GPH. Similarly at every position of the 
load in the beam the magnitude of reaction can eaaily be determined. 

Method of drawing the Bending Moment Diagram— You know the 
magnitude of reaction for every position of the moving load and mark 

these points on the load line successively as Ot, cz, C3 Cj. Exactly 

at right angles to these points mark poles o^, 02, 03„., 07 with a 

common pole distance H, 

The object of selecting a pole exactly opposite to the reaction 
point is to get the closing line of the funicular polygon parallel to the 
beam. Bending moment diagram for the first position of the load is the 
triangle KLM^ drawn with a polar diagram a b for the second position 
KN M with polar diagram a h 02, for the third position KOM with polar 
diagram a b 03, and so on for all the positions. Here you observe all 
the closing lines are coincident in one line. The apexes of thesd 
triangles lie in a parabola. 

Shearing Force Diagram:— When the travelling load is on the left 
abutment the shear at that point is equal to the load a b, when it 
moves to the point 1 the reaction at the left support is equal to Ci a 
acting upwards and this is constant as far as the point 1, at this point 
load AB shears the beam downwards and shear at this position is there- 
fore Cia — a6=a— C16. This — C16 is constant as far as the right suppoit 
as shown shaded in the figure. 

When the load^ moves to the second point the reaction at the left 
supportac2a and this is the shear from the left support to the point 2 
and at this point load AB is to be deducted and this comes to C2a — 
a&s3— C2&* From this point to the right support— C2i is the shear. 
Similarly for each point shear diagram is to be drawn as shown in 
the figure. 

Jffotel^The student at first is to draw out all these diagrams step 
by step so as to get a clear idea as to how these diagrams are formed. 

After gaining some experience he can only draw one parabola 
for bonding moment diagram taking the greatest ordinate which 
measures at the centre of the beam. See figure 54 . 

At any position of the load on the beam bending moment may be 
known by dropping an ordinate tq intersect the parabola and the 
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intersected point in the curve is to be joined to the right and left 
supports. For example B. M. at P-QR x H and at any other point 
such as 17 the bending moment-VW multiplied by H for the position 
of the load at P. 



Shearing force diagram : — Draw a straight line parallel to the 
beam and equal to the given span. See fig. 54 From either end of 
this straight line draw vertical lines equal to the given load ab. 
Join aa and bb- This figure represents the shearing force diagram. 
Shear at P-*R'Q' — Q'S'"*— R'S' and shear at U for the position of 
the load at P ia—RiS'. 

SUPPORTED BEAM WITH TWO LOADS OF CONSTANT 
DISTANCE APART ROLLING OVER IT. 

EXAMPLE 31 Two loads, spaced 6 feet apart roll over a 
girder of 40 feet span. If the leading load is 8 tons and the other 
5 tons, find (a) the maximum bending moment in tons feet on the 
girder ; (b) the maximum shear in tons. 
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FIRST METHOD. 

SOLUTION : — Divide the girder into 6 feet divisions as the loads 
are 6 feet apart. Find the centre of gravity of these two travelling 
loads as shown in fig. 55 (a). Locate the position of the resultant 
line in each division as shown. Draw two straight lines on the 
reaction lines each equal to sum of the travelling loads AB & BC. 
Drawee diagonal of tl)e rectangle so formed as shown. 

As the travelling load passes on from one division to another the 
ordinates shown in firm lines (Action lines of the resultant of AB and 
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BO ) i4 lefi ti^lafigld tfid left end Md ordinates 

iri the ri^ht trito^e g^re the right ehd tehoiioni oiS Sh<mh, id the 

These reection points are projected on to the load line ah c and 
at right angles to these, poles o, 0 |, 02 , etc. are selected with a common 
polar distance H as shown. 

Bending moment disgratnrj^Asstime these ttto loads AB and'BG to 
occapy the first division, that is at O-^l and the beading moment 
diagram fcv this position is EFQ-. Suppose these two loads oome to ^e 
Second division, that is at 1-^2 then the bending moment diagram is 
EHKG. Similarly draw the diagram for the rest of the poeitiOiis. In 
the end, these external points of the bending moment diagrams are to 
be enclosed with one enclosing parabola as shown. 


The maximum bending moment occurs under the heavy load, 
and piching out the ordinates under the heavy load BC m the bendii^ 
moment diagram, yon can draw the bending moment curve on a hori- 
zontal base as shown in fig. 56. This carve starts from a distance Y 
from the left end of the line and ends at the right end. The mazimnm 
bending moment will be exactly at the centre of this parabola and this 
0 R — Y 

point is at from the right end ; and from the left ©ad it is 


0 R Y S Y 

~~ — I - -5 which is the same as - 5 -+ where 8 is the span and Y is the 

distance from the heavy load to the resultant line. For mathematical 
calculation see the chapter on miscellaneous examples. 


Similarly by picking out the ordinates under the small load AB in 
the bending moment diagram, you can draw another parabola Starting 
from the left end and ending at a distance % from the right end, This 
will not give yon the maximum bending moment. These tWo curves 
are shown in fig. 56. The enclosing parabola ^ives yon the maximum 
bending moment at the centre of the span, but this valne is to be taken 
only when yon design the girder, as this is a general practice. 

'Notei.^ln drawing sepaitate parabolas fior light anddieavy loads 
in fig. 56, yon get 6 oitdinaies fiov each load from the oommeh bmiding 
mbment diagi^tn and if yon connect the ends of these ordinates witih 
cnfvsd liiide, y<Ai observe that theso two eutVOs end in £ -and Y 
dlttahbfis djpart from the ends res^ctivofy, eh their owh aeoeSd. 
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Shearing force diagram:— Draw a base line MM across the span as 
shown, when the leading load is at the point I, the other load AB will 
be at the left support. The left and right end reactions are d a and c d 
respectively. Plot d a at the left end reaction line and this is the shear 
acting upwards at this point, bat directly at this point, load AB is 
acting downwards and consequently AB is to be deducted from d «, the 
balance d h is constant till it meets the load BC. From this upward 
shear the load BC is to be deducted and the balance d c is constant till 
the right end of the girder. Shearing force diagram for this position is 
shaded and marked 1 — 1 — 1 — 1. For the second position shearing 
force diagram is drawn and marked 2— 2— 2— 2 — 2— 2 and so on for 
the rest of the positions. 

The stepped forms of the shearing force diagram are to be joined 
by straight lines as shown, but these two straight lines intersect the 
base line at X and Y distances from the ends and to this Y distance at 
the left end add tho distance X, at the right end add the distance 
Y to tho distance X horizontally. At the left end this Y +X distance 
intersects the bottom sloped straight line at 1, and join 1 M with a 
straight line. Similarly at tho right end Y+X distance is to be inter- 
sected with the top sloped straight line and this intersected point and 
the right end point M are to be joined with a straight line as shownj 
because at these distances, at the beginning and end of the span, one 
load only rolls over. 

SECOND METHOD:— Bending moment diagram may also be drawn 
with one polar diagram as shown in figure. 56, 

Draw a b c the load line and construct polar diagram. There are 
seven divisions in the girder and consequently there will be seven 
bending moment diagrams as shown. 

The method of drawing is as follows. — Consider the loads AB BC 
to occupy the first division the bending moment diagram for this posi- 
tion is KLM and MX is the closing line ; and let the loads move to the 
second division, then the bending moment diagram for this position is 
XNOP and XP is the closing line. Similarly draw the bending moment 
diagrams for the rest of the divisions as shown. Parallel to these closing 
lines of the bending moment diagrams, draw lines from pole 0 to inter- 
geot the load line ctb e tAd, dj,, dg, etc. These positions will give you 
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the magnitndes of reactions at the supports for different positions of the 
moving loads. 

Thick lines show ordinates of the maximam bending moments 
for the heavier load; and ordinates between the arrow heads show, the 
maximum bending moments for the lighter load. Draw a base line 
QR and plot two parabolas as shown, one for the heavier and another 
for lighter load. 

Now you will have to enclose these two parabolas with a circums- 
cribing parabola as shown in the figure. 

Shearing force diagram may be drawn in the same way as shown 
in figures 53 & 55, 

THIRD KETHOD: — In this third method you are to assume that 
the given loads are stationary and the girder is moving. Since you 
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Msume the girder to be moving^ you are to take dn your drawing 
paper a length equal to nearly three times the length of the given 
span. Only one polar diagram is wanted and to start with only one 
funicular polygon is to be drawn, the first and the last ray may be 
produced to the desired length as shown in figure 57 to both the 
sides. Then the series of bending moment diagrams may be drawn. 
On inspecting these diagrams you can understand the point of the 
maximum bending moment. 





^cAi.e 
4* AO TcHJt 


fUGHTOlO 


In these diagrams linear scale is changed for want of space 
and consequently bending moment scale is changed. Loads AB. BC 
are stationary. First draw the load line a b c and construct polar 
diagram and draw the corresponding funicular polygon PQRS^Now 
bring the girder on the line below and divide it into as many number 
Of equal parts as possible, say 5 divisions of 8 feet each and mark 
the same distances as shown along the line to the right. 
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Funicular polygon is already drawn. From either end of the 
first position of the girder project lines to intersect the funicular 
polygon at 1 — I join 1~1. Line 1—1 is the closing line of the 
funicular polygon and 1 — 1— Q — 1 is the bending moment diagram 
for the first position of the girder. Shift the girder to one more 
division to the right ; draw similarly the closing line 2 — 2, In the 
same way you get six bending moment diagrams as shown in fig. 57. 

Plot these six bending moment diagrams on a base line see fig. 
57 (a) and last of all you are to draw one enclosing parabola as 
shown. This represents the final bending moment diagram which 
gives you the maximum bending moment at the centre of the span. 
But maximum B. M occurs at I distance from the left support, 
(see Page 45). 

Shearing Force Diagram — Take a load line a b c and have a 
polar distance H equal to the span of the girder and then draw the 
corresponding funicular polygon as shown in fig 57 (b). Bring in the 
length of the girder and adjust it in such a way along the line KL 
that the first load AB should remain within the girder. Draw from 
the point L which is the right end of the girder a straight line at 
right angles to KL to intersect the ray co at M, Then LM 
represents the maximum shearing force at the left end of the girder. 

Proof — KL represents the girder, AB, BC are the loads, KNM 
is the bending moment diagram, KM is the closing line. From pole 
O' a line O'd is drawn parallel to KM. Then cd & da represent the 
magnitudes of reactions at the right and left end of the girder. 

Two triangles a d O' and MKL are similar and equal in all 
respects.' such that ao’ = KL, KM = o'd and da = LM. Since da is 
equal to the reaction at the left end of the girder LM is therefore 
equal to the reaction at the left end of the girder. 

When these two travelling loads approach the right end of the 
girder, similar diagrams are to be drawn and these are shown in 
figs, (c) and (d). You will observe that the shear at the right support 
is the greatest as the heavier load will be nearest to that support. 

On a base line equal to the span, see fig. (e) draw from left and 
right end of that line perpendiculars equal to LM and L' M' and 
connect them to X & Y distances as shown. Two kinks thusformed 
at X & Y distances may be joined with straight lines as shown. 
The whole figure is the shearing force diagram. 
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EXAMPLE 32:— A girder of 60 feet span is traversed by a 
locomotive whose axle loads are given above. Draw the bending 
moment and shearing force diagrams graphically. See plate I fig. 58. 

SOLUTION: — To the right and left of axle loads allow a ep?kce 
equal to the span in your drawing paper. Draw polar diagram with a 
pole O for the axle loads and a corresponding funicular polygon as 
shown. Let the first and the last ray ao and ko be continued upwards 
as shown. Let the axle loads be stationary and assume that the girder 
is movinglfrom left to right. 

Draw a line a little bit down the funicular polygon and on it take 
the span length and divide it into six parts as shown. Mark this unit 
length along the whole length of the straight line as shown. The first 
position of the girder is from O to 6 . Erect perpendiculars at 0 and 6 
to intersect the funicular polygon at 1 — 1. Join 1 — 1 . Similarly move 
one division more each time to the right and draw series of bending 
moment diagrams as shown. For instance the second position of the 
girder is between 5 & 1, then the closing line of the bending moment 
diagram for this position of the girder is 2 — 2, For the third position of 
the girder the closing line of the bending moment diagram is 3*— 3 and so 
on for the rest of the positions. In this way you will have to move the 
girder till you get the maximum crdinate between the curved line and 
the closing line by trial. When the length of the engine and tender is 
less than the span as in the present case, the maximum bending moment 
may be determined by bringing the centre of the girder exactly at the 
line of action of the resultant R of all the loads as shown in the diagram. 
The resultant H acts at the intersection of the first and the last ray of 
the funicular polygon. Transfer these bending moment diagrams on a 
base line MN fig. (a by means of tracing paper and draw one enclosing 
parabola as shown. ( See example 31 ). 

JVoic: — In transferring these bending moment diagrams on the 
baseline MN, care must be taken that the closing lines 1 — 1 , 2 — 2 , 
3.— 3 etc , coincide with the line MN Here MN is equal to the span 
length; the horizmtal projections of all the closing hues are equal to 
the length MN and all the vertical intercepts between extreme points 
of each closing line must lie within the space MN. 

Shearing force diagram: — From pole O draw rays 0—1, O — 2, 
0—3, 0 — 4 etc parallel to the closing lines of bending moment 
diagrams 1 — 1, 2 — 2, 3—3 etc., to intersect the load line at 2 , 3, 

7 
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Oh a base line QP see fig. (b) plate I draw shearing force diagram 

1^1 ^1 — I ; 2—2 — 2 2; 3 — 3—3 3; etc., as shown. For the first 

position of the girder the reaction at the left end is l-~a and at the 
right end b— 1, because there is only one load AB on the girder. In 
the second position of the girder there are three loads AB, BO and CD. 
Reaction at the left end of the girder is 2 — a, and this is plotted in 

the usual way on the base line QP. Q — 2 — 2 — 2 — 2 2, is the shearing 

force diagram for the second position ; similarly for the rest. Finally 
a curved line is to be drawn to enclose all the stepped forms of shearing 
force diagram as shown. 

This method of drawing the shearing force diagram is very 
laborious and therefore in figure (c) plate I, a modified form of drawing 
8. F. diagram is shown and may be studied very carefully. The 
method is as follows. Take a fresh pole O' at a distance equal to the 
span of the girder and from this new polar diagram draw the funicular 
polygon as shown in figure (c). Now bring in the length TV of the girder 
on the line TU which is drawn parallel to the ray ao' and erect per- 
pendicular line VW to intersect the funicular polygon at W. Now 
ordinate VW represents the shear at the left end of the girder. The 
proof of this will be given shortly. The span length TV includes all 
the axle loads, but bring the' point T a few inches towards the left of 
the axle load BO. In this position the axle load AB is out of the girder 
and the base line for this is TX drawn parallel to the ray 

Next bring in the length of the girder so that the left end to be 
a few inches to left of the axle load BC, then point X be the right end 
of the girder. From X draw perpendicular XY to meet the funicular 
polygon at Y. Now you observe XY is less than VW, therefore VW 
only, gives you the maximum shear. 

Proof. — Draw TW the closing line of the funicular polygon and 
from pole o' draw a line o" z parallel to the closing line TW. Now the 
triangles TVW and ao';? are equal in all respects, that is ao'csTV, 
o'gsaTW and 02 = VW; but az represents the maguitude of the reaction 
at the left end of the girder and therefore the ordinate VW is equal 
to the reaction at the left end of the girder. The reaction is nothing 
but the shearing force at that support, and hence the diagram TVW is 
the shearing force diagram. This represents only half of the diagram 
and a similar half is to be drawn on the bottom of the line TV drawing 
a line from T parallel to VW down, and equal to it with the same curve 
reversed. You will observe this modified shearing force diagram will 
bo exactly equal to the shearing force diagram represented in figure (h). 
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In fig. (d). the oarre of maximniri bending moment from 0 to 60 feet 
and on, has been shown* 

Note:^{a) The span length is to be brought perfectly horizontal 
and adjusted under the axle loads and not on sloping lines such as TX. 
The left end of the girder is to be a few inches left of the first axle 
load, but if that load were to be exactly over the left end of the girder 
the maximum shear is reduced by the magnitude of that load. 

(1) The pole distance is always to be taken in load scale and not 
in linear scale, but the ordinate in the bending moment diagram is to 
be taken in linear scale. The reason is, that all intercepts are nothing 
but distances and not forces, but the pole distance is the horizontal 
component of the polar rays. These polar rays are forces and not 
intercepts. 

(c) From the point Z in the load line a chain dotted line is drawn 
to pole O and also from points T and W dotted lines are drawn to 
intersect the funicular polygon at S and S. Then SS is joined by a 
chain dotted line and this line SS is parallel to ZO, and hence the 
accuracy of the diagram. 

EXAMPLE 33 — The live load on a Pratt Truss of 128 feet span 
shown in plate II fig. 59 consists of axle loads of a 195*6 ton locomotive, 
followed by a train weighing *4 ton per lineal foot. The bridge is of a 
through type and depth is 22 feet. 

Draw the bending moment and shearing force diagrams and deter- 
mine the chord and diagonal stresses graphically, 

SOLUTION: — Plot the axle and train loads on a load line and 
complete the polar diagram. Let the polar distance be a multiple of the 
depth of the girder. Draw the funicular polygon as shown. Keeping 
the loads stationary move the bridge from left to right as explained 
in the previous example. Draw the series of bending moment diagrams 
as follows— The first position of the girder is between O and 8 and the 
closing line for this position is ST ; the bending moment diagram is the 
figure enclosed between the closing line ST and the curve of the 
funicular polygon. The second position of the girder is between 
1 and 7 and the closing line for this position is S| Ti » the bending 
moment diagram is the figure enclosed between the closing line Si T^ 
and the curve of the funicular polygon between two points St Tf. 
Similarly the closing line of the bending moment diagram for the ihicd 
position is Sg Tai for the fourth Sa T3 and so on. 
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Determination of the chord stresses is as follows.— There are eight 
panels in this girder and if you can determine the maximum stresses 
for half of the girder, that is for four panels that will be sufficient, as the 
maximum stresses on the remaining four panels will be exactly the 
same. These four panels are marked in the frame diagram. Now for 
the first position of the girder, on the closing line ST mark these four 
points as 1, 2, 3 and 4; and for the second position of the girder mark 
these four points again on the closing line T^. similarly for all the 
positions of the girder and on all the closing lines mark these four 
points as shown in the diagram. 

Then join all the points bearing number 1, number 2, number 3 
and number 4 by thick firm lines separately as shown. Now you observe 
the greatest ordinates in the bending moment diagram of the thick lines 

passing through the points 1, 1, 1 .....I ; 2, 2, 2 2, and 

3, 3, 3 3, occur at the point T, and these ordinates are marked 

by arrow heads as shown. The greatest ordinate for the first panel is 
between 1 and T, for the second panel between 2 and T and for the 
third panel between 3 and T. Lastly the greatest ordinate for the 

thick line passing through the points 4, 4, 4 4. occurs between 

T and Tj and this is marked by arrow heads. These ordinates in load 
scale multiplied by 4 will give you the respective chord stresses. 


It was shown in pages 1 and 2 that the flange stress in any beam or 
girder is equal to the bending moment divided by the depth of the beam 
or girder. Graphically also we can prove as follows — Bending moment =5 
ordinate of the bending moment diagram multiplied by pole distance H. 

Flange or chord stres8= ?'j^ --. Substituting the value of bending 


moment, we have chord stress 


Ordinate x H 
D 


• When H is made equal 


to the depth of the girder, chord stress Ordinate. In 

this example H is equal to 4 times the depth of the girder, therefore 
the chord stress ordinate in load scale multiplied by 4. 


For example take the maximum ordinate for the fourth panel 
and it measures to the load scale nearly 60 tons, then the chord 
stress is equal to 60x 4ac240 tons. Now verify this from the value of 
the bending moment. Bending moment at that point is equal to the 
ordinate in linear scale multiplied by the pole distance in load scale. 
Then 80' x 176 tons =? 5260 tons feet and this divided by the depth of 
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the girder you get the chord stress which is equal to = 240 tons 
as before. 


The stresses in the vertical and diagonal members can be 
determined from the shearing force diagram as shown in figure (a) 
plate 11. Here the shearing force diagram has been drawn in the same 
way as explained in example 32. plate I figure (c). The maximum 
shear of the left abutment is marked in the diagram and that is the 
shear at the supporting point of the panel number 1. This shear is not 
uniform throughout the length of the panel 1 and therefore you should 
ts.ke the average shear to determine the stress in the member AO. 
Therefore take half the length of one panel from the maximum shear 
ordinate to the left and draw a line parallel to the maximum shear 
ordinate, and this will represent the average shear in the first panel. 
Resolve this parallel to the member AO and the stress in the end post 
AG is determined as shown in the diagram. 

Now draw the ordinates from the average shear at the intervals 
of each panel length as shown and these ordinates represent the average 
shear at the remaining three panels. From these ordinates the stresses 
in the diagonals and verticals are determined and these are clearly 
shown in the diagram (a). The stresses in the diagonals and verticals 
of the right half of the bridge are the same. 

You observe here that the stress in CD is not determined in this 
shearing force diagram, but the tension in this member is equal to that 
portion of the loads between the supporting point and the second panel 
joint that is carried by the roadway to the floor beam. These heavy 
exle loads being brought on so as to cause the stress in this member a 


maximum. 



Chapter V. 

BRACED GIRDERS OR TRUSS BRIDGES. 

There are very many types of braced girders but only the usual 
types will be dealt with in this chapter. The most usual types are 
Warren, Howe, Pratt, Camel Back, Baltimore, Petit, K-Trusses, Bow- 
Btring Girders and Lenticular or Fish-Belly Girders. 
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OmRSR. 

All these braced girders are used for bridges and some types of 
Warren and Pratt Trusses are also used for roofs and for supporting 
roof principles. 

Bridge trusses are generally two in number and they are to carry 
the road ways and railway lines. Figures 60 to 70 are elevations of one 
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of the pairs of girders and trasses The road ways and railway lines are 
carried by cross girders which are usually called floor beams with 
lateral bracings. For railway lines rail bearers or stringers are con- 
nected longitudinally to the cross girders. These cross girders in turn, 
are connected to the bottom joints of trusses for through bridges and to 
the top joints of trusses in the case of deck bridges. 

In deck type the roadway of the bridge is carried on the upper 
chord of the truss ; and in through type the roadway remits on the 
bottom chord. 

The names of different parts of a bridge truss are shown in figure 
71 plate III. 

Notel — {a) In this diagram there are two Pratt Trusses and the 
detail coriiieotions are shown with their names. These two main trusses 
carry the dead load of their own, weights of lateral steel connections, 
road way, and live load etc. 

The live load consists of locomotive axle loads in the case of 
Railway bridges and ( for road and highway bridges ) the weights of 
steam road rollers, traincars or heavy motor busses. 

(b) Whether the loads are concentrated or distributed they are 
made to act on the joints of bridge trusses and hence all the members 
are subjected to direct compression and tension, but flo^r beams are 
subjected to direct and bending stresses. Bottom and top laterals 
resist the wind pressure only. 

EXAMPLE 1: — Draw the stress diagram for a Warren Girder of 
span 120 feet and depth 20 feet. Dead load 600 lbs, per foot per truss 
see fig. 72. 

SOLUTION; — The stress diagram is drawn in the same way as you 
draw the stress diagram for a roof truss. 

The truss in the present example is of a through type. There- 
fore joint loads are to be taken on the bottom chord. 

The least number of trusses in a bridge is two. The load given 
here is per foot run of one truss. The panel load is equal to;20x 600 =■ 
12000 lbs, or 5*35 tons or say 5*5 tons. The joints at the supports take 
only one half of the panel load viz. 2*75 tons. 

Since the downward panel loads at the supporting joints are in 
lines with the upward reactions, they are separated by a little apace 
as shown. 

Take these panel loads in order, and plot them in a load line -as 
shown. The panel loads are symmetrical, and the reaction at each 
support is equal to half the sum of the total load. 
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Commence to draw the stress diagram from the first joint at the 
right abutment, after solving this joint go to the second joint and then 
to the third Order is to be kept up. 

The closing of the la^^t line is, a test for the accuracy of your 
diagram. 

Note: — (1) stresses in the bottom and top chords can be determined 
from the bending moment diagram drawn with a polar diagram having 
a polar distance H equal to the depth of the girder as shown. See 
example 32. 

(2) ^^tr esses in the sloping members are to be determined from 
the shearing force diagram as showm, 

(8) Some times W’arren Girders are used to support the roof 
principles, in such cases loads come on the joints of t »p boom or chord 
and in certiin cases loads will be on top and bottom joints as well. 
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EXAMPLE 2:— Given a Warren Girder, span 60', panel 10' 
and depth 10\ Loads are as shown in the diagram. Draw the stress 
diagram graphically. 

SOLUTIOE: — See fig. 73. This girder is unsymmetrically loaded. 
You are to find the magnitudes of reactions at the supports. 

There are three usual methods. First by the method of moments. 
Secondly by means of the equilibrium polygon and thirdly by the 
construction method. 

Method of moments.— Take the right hand support as moment 
centre. R x 60= ( 6 x 5 ) + ( 3 x IO)+(6xl5) + (4x20)+(2*5x25) + 
{6x 30) + (4x 35 ) + ( 8x40 )+( 8x45 ) + ( 8x50) + (6x55). 

„ 25 + 30 + 90+80 + 62-5+180+140 + 320 + 360 + 400 + 330 

60 

901 7*5 

^^ = 33-62 tons. R' = 60-5-32*62=:27‘88 tons. 



Second method.— 
Draw the load line as 
follows. — a6, 6c, cd, 
de, e/, fg, gk, kl, hn, 
mn, and no. 


Right end reaction is named gh and the left end reaction is named 
oa as per Bow's Notation. These cannot come in the load line until you 
determine them. Consequently the bottom chord joint loads are taken 
in order, along with the joint loads on the upper chord as shown in fig. 
(a). Draw polar diagram and equilibrium polygon. Let the first ray ao 
touch the left end reaction line at 1 and the last ray o o intersect the 
line of action of the right end reaction at 2. Join 1 — 2, draw from pole 
0 , a line o -3 parallel to I— 2. Now vertical line o — 3 represents the 
reaction at the right support and 3 — a the reaction at the left support. 
Note: - Since the line of action of the resultant is nearer to the 


8 
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left support, tho left end reaction must be greater than the right end 
one. Next you are to plot the load line again as shown in Gg (5) in tho 
order of sequence and draw the stress diagram. 

Third Method -—The first and the last ray of the funicular polygon 
intersect at 4. The line of action of the resultant of the total load 
must pass through 4. Plot the magnitude of the resultant in the line 
6 — 6 and draw horizontal lines to meet the linos of action of reactions 
at 8 and 7. Join 8 — 7. Now 6 — 9=: reaction at the right support and 
9— 5 = tho reaction at the left support. See rolling load diagrams page 
44. After detormining tho reactions the stress dirgram may be drawn as 
shown in figure (b). 


DOUBLE SYSTEM WARREN GIRDER. 


EXAMPLE 3: — Tho double system Warren Girder shown in fig. 74 
is supported at tho onds and carries loads as shown. Find the stresses 
in the members. Span 128' panel length 20' depth 20'. Loads are 
in tons. 


^ 



Scof/e 


SOLUTION:— in this 
double system girder 
there aro three un- 
knowns in every joint 
and the stress diagram 
cannot be started 
unless with some real 
assumption. Split these 
two systems into two 
individual systems as 
shown in figures (a) 
and (b) These two 
systems are shown in 
thick and thin linos 
^n tlie frame diagram, 
these. From these two 


Figs, (c) and (dj aro the stress diagrams for 
diagrams the stresses in each member may be summod up, or you can 
draw one common stress diagram as shown in fig (e) knowing that tho 
end vertical members A L and ll D' resist only half tho sum of the 
total load on tho system shown in thin lines, and this you observe iu 
stress diagram (d) which is equal to 6 tons. After plotting this in the 
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load line as shown in flg. (e) no difficulty will present in the stress 
diagram. Stresses on the inclined menlbers appear twice in the 
stress diagram as they are named twice. 

Note : — The stress diagram (e) is the summation of the stress 
diagrams (c) and (d). For instance the stress in the member KT or 
KW fig. (e) is equal to the sum of the stresses in the members EE 
of fig. (c) and FE or FM of fig. (d). Similarly the stresses of all 
the members may be summed up. 


EXAMPLE 4 : — Take the same Warren Girder of example 3 
and load it unsymmetrically as shown in fig. 75. Draw the stress 
diagram. 



SOLUTION First find 
the reactions either by oaU 
culation or graphically for 
the system shown in thin 
lines and these work out to 
be 12'00 at the left support 
and 9*00 at the right support. 
The forces in the left and 
right end verticals are 12*00 
and 9*00 tons respectively. 

Magnitudes of reactions 
on both the supports for 
both the systems of loading 
are 26' 16 and 27*84 tons 
respectively. 


Plot all these loads on the load line and draw 
diagram as shown. 


the stress 


EXAMPLE 6 Figure 76 represents a double system Warren 
Girder with end verticals at the intersection of the inclined members 
with even number of panels. Loading is as shown. Draw the stress 
diagram. 
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Similarly the left end top point can 
diagram closes well all the forces a 


SOLUTION -.—Since the loads 
are symmetrical the reaction 
on either support is equal to 

^ where W = total load. 

2 

Commence from the left 
end supporting point, the forces 
at this joint are L A., AM and 
ML. Out of these LA is known 
but AM and ML are two un- 
knowns. AM is vertical and 
ML is horizontal, therefore M 
must be with L. Hence there 
is no stress in the member ML. 
e solved as shown. Since the 
) balanced. 


EXAMPLE 6 : — Draw the stress diagram for the double system 


Warren Girder with odd number of panels. 



SOLUTION 

Reaction on each 
support is equal 
to half the total 
load. 

The two sys- 
tems are represe- 
nted by thick and 
thin lines. If we 
draw the stress 
diagram by ta- 
king the loads 
as they are we 
get the stress 


diagram as shown in fig. 77 (a). This diagram does not close at all. 


Letters b* and a' must coincide with k and g, if the whole structure 


were to be in equilibrium. 


The reason is as follows — Member LN is in tension from the 
load CD and member MN is in compression from the load BCand half 
of load DE. The other half of the load DE is not balanced. The thrust 
of the member MN puts a cross strain on the end vertical which 
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produces tension in the members BM and LK, the magnitude of 
which is equal to see fig. (aj. Hence no equilibrium in tb# 
structure. 

Therefore the extra horizontal force which is equal to half 
of the load DE is to be applied at the centre of each end vertical 
member as shown to balance the structure. 

Plot these loads as shown in fig. (b) and draw the stress 
diagram accordingly. 

Note (1) In all odd number of panels you will have to 
assume the horizontal forces on either side, as is shown here to 
keep the structure in equilibrium. 

(2) It is clear that these external forces do not exist, but the 
tensile stresses in top and bottom flanges at the ends act through, 
out the whole length of the girder to modify the stresses found 
in fig. (a), Theory requires these two forces, to keep the structure 
in equilibrium. 

DOUBLE SYSTEM BRACED GIRDERS. 

In double system braced girders the vertical members intro* 
duced in each panel, transmit the pressure to both the systems, but 
they are stressed to an amount equal to half of the load that directly 
comes on top of them. At times these vertical members are loaded 
at top and bottom points as shown in fig. 78 and in this case they 
are stressed equal to the algebraical sum of the loads. 


For example CD»4 tons 
and HK-=*5 tone. The verti- 
cal member UT is stressed 
to the amount of - 5 + 4=*= - 1 
ton. The end vertical AM 
15-5 + 2 


and FB*’ 


•8*75 tons. 



EXAMPLE 7 'The double system braced girder is supported 
at the ends and carries loads as shown Find the stresses in the 
members. State the assumptions inaoe* 
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SOLUTION :-Since every 
joint contains three or four 
unknowns you cannoc pro- 
ceed to draw stress diagram 
unless you find the stress 
in AL the left end vertical. 

Stress in AL = 7 tons. 

Now you can commence 
from the left end support. 

There are four forces acting 
at this joint viz. KA. AL, 

LN and NK. Out of these 
we know KA the reaction, 
stress in the member AL is 

found out. LN and NK are 
the only two unknowns. 

This can be drawn easily as shown. As stated above, the 
stresses in the vertical members are equal to half of the loads 
that come on them. From these assumptions you can draw the 
stress diagram as shown. 

Note : — There is a redundancy in this girder. The stresses in 
the members determined like this, by the above theoritical assump- 
tions are not reliable and the stability of the structure chiefly 
depends on good workmanship and accuracy. 

RAILWAY AND HIGHWAY BRIDGES. 

The loads consist of the weight of the bridges plus the weight of 
the platform. In case of through bridges it is usual to take the 
loads all acting on the joints of bottom chord, but some engineers 
prefer to take } of the total load to act on the joints of top and f on 
the joints of bottom chords. Whereas in deck typed bridges all the 
loads are to be taken to act on the joints of top chords. 

Now let us take some of the usual types of bridges and draw the 
stress diagrams for dead loads only. 

EXAMPLE 8 ; — Fig. 80 shows a Howe Truss of a through type, 
panel length 20 feet and depth 20 feet. Panel loads are in tons. 
Find the stresses in all the members. Indicate by means of arrow 
heads the nature of the stresses in the members. 
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SOLUTION:— First 
find the reaction point 
m in the load line. 
You can commence to 
draw the stress diagram 
either from the right or 
from the left support. 
There will not be 
any difficulty in 
drawing the stress 
diagram. 


Note:— In this truss all the diagonals are in compression and the 
veitical members are in tension. It is always safe and economical to 
keep short mernbers in compression and long members in tension. 
This truss is therefore not an economical one as the longer members 
are in compression, which is objectionable This type of truss is not 
used for railway bridges. 

PRATT TRUSS, 

This typo of truss is invariably used for railway bridges. This is 
also called Girder. 


EXAMPLE 9.— A Pratt 
Truss of 80 feet span and 
12 feet high is divided 
into eight equal panels 
and is loaded uniformly 
of 1 ton per foot run 
Draw the stress diagram 
and show the members 
in compression. 



S0LUTI0N:~Tbere ia ambiguity in this question about the given 
load. It IS ijot stated whether the load is per foot run of the bridge, 
or poi foot run per truS'S. If you take the load per fott run of the 
bridge, then each punel lead becomes 5 tins, which is exactly half of 
what is taken above. Note that there are two trusses in a bridge. 
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Notex — (1) You observe in the two central panels of the frame 
diagram that two more diagonals are added in dotted lines. These are 
called “Counter Bracings’^ or “Oounters’\ 

The object of counter bracing is as follows. — When the truss is 
subjected to rolling loads there will be a reversal of stresses in one or 
two panels at the centre of the truss. During the reversal of stresses 
the diagonals in the centre panels are subjected to tension and comp- 
ression. These diagonals are meant to take only tension and not 
compression. Therefore by introducing two more diagonals as shown 
here, only one diagonal is stressed at a time and that too in tension, the 
other diagonal which is subjected to compression yields itself and does 
not act at all. 

(2) Students find no difficulty if they arrange the panel loads as 
shown in the frame diagram and then draw the stress diagram, remembe- 
ring at the same time that lines of action of the panel loads at the 
supports coincide with the reaction lines. 

HOG OR CAMEL BACK TRUSS. 

This truss is only a Pratt Truss with inclined top chords. In Pratt 
Truss chords are parallel. These types of bridges are used for spans 
from 160' to 320'. To economise the material in steel work and also to 
reduce the weight of the trusses and lengths of the vertical members, 
inclined chords are generally used. 

EXAMPLE 10; — Fig. 8> represents a Camel Back Truss Span 
180 feet. Panel length 20 feet, depth at the centre 25 feet, depth 
at the hip 20', dead load 4 cwts per foot run per truss. Find the 
stresses in all the members grapliically. 

SOLUTION:— 

Panel load is 
equal to 20x4= 
SU cwts. = 4 tons. 
Load at the 
supported joint = 
4/2 = 2 tons. 

Now plot the 
loads in the load 
line and fix the 
reaction point n 
exactly at the 
centre point of the 
load line. Draw 
the stress diagram 
as usual as shown. 
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Closing of the last line in the stress diagram ensures the accaracjr of 
your work. 

AMERICAN TYPES OF BRIDGES 
BOLTIMORE TRUSS. 

This truss is a modified form of N Qirder or Pratt Truss, with 
additional members known as subverticals inserted midway along the 
main panels and these serving as suspenders for floor or cross beams. 
The advantages resulting from this arrangement are (a) reduction of 
panel lengths at the bottom chord, (b) shorter spacing of floor beams, 
(c) shorter and lighter longitudinal girders in the case of roadway, or 
railbearers in case of the railway. 

EXAMPLE 11: — The figure below indicates a Baltimore Truss of 
six panels, subdivided into 12 panels by the sub verticals supporting 
the intermediate loads as shown. Panel length 20 feet, depth 40 feet, 
and dead load 5 tons per foot per truss. 





SOLUTION: — Loads are symmetrical and therefore the supporting 
forces or reactions are each equal to half the sum of the total load. 
Plot these given loads on the load line as shown here. Comtnenoe to 
draw the stress diagram from the right end. There is no dlffloulty till 
9 
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3fOW come to t\ie veritcal member TU; here there are three unknowns. 
Get the force in the vertical member TP by the following construction. 
Draw two para,llel lines dV and eW in dotted lines as shown and select 
any point V on the line dV and complete the bottom joint of the mem- 
ber WV and similarly you can complete the top joint of the member 
WV. Thus you get the points VP WX. You know now, that the letter 
u must lie in the line iu and therefore drag the whole dotted polygon 
towards right till the Utter u comes exactly in the line tu, as shown 
above. You can proceed further without any difficulty as far as the 
letter Now proceed from the left end of the girder as far as the 
letter c'. Here the stress diagram automatically closes itself. 

Note : — Since there is a redundancy in the two central panels, the 
members shown in dotted lines are omitted in drawing the stress 
diagram. 

PETIT TRUSS. 

This is one of the types of Baltimore Truss, the only difference 
being that this has inclined top chords. There is no difficulty in 
determining the stresses statically for all kinds of loading. 

EXAMPLE 12:— Figure 84? shows the skeleton line diagram of Petit 
Truss. Panel length 25', depth at hip 50' and at centre 62'-6" 
Dead load= *80 tons per foot per truss. Draw the stress diagram, 

SOLUTION:— After 
plotting the loads and 
reaction point s proceed 
to draw the stress 
diagram from the right 
support. Progress will be 
stopped when you come 
to the verticals V W and 
ZA' and get through 
the difficulties by the 
construction method she- 
wn in the diagram. 
Where there is a redun- 
dancy in the structure 
you can omit one or two 
members shown dotted 
in this diagram. 
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K TRUSSES. 

There are two kinds of K Trusses as shown in figs. 85 & 86. 
Advantages of these trasses are— - 

(1) Economy of material (2) redaction of secondary stresses, 
(3) Shortness of compression members, and (4) detail connections are 
simple and regular. 

The form of truss shown in fig. 85 is simple and the stresses can 
be determined easily, whereas the truss shown in fig. 86 is a difficult 
problem for the student as the force diagram cannot be easily drawn 
graphically. 

EXAUPLE 13: — Draw the stress diagram for a K truss of 240 
feet span depth at hip 40 feet and at centre 50 feet, panel length 
20 feet. Dead load one ton per foot per truss. 

0 


SOLUTION: —First find 
the reaction point Q on the 
load line and then you can 
commence to draw the stress 
diagram either from the 
right or left end of the 
truss. 

There will be no diffi- 
culty in this diagram till 
you reach the central verti- 
cal F'G", Then start the 
stress diagram from the 
other end of the support 
as usual and the diagram 
closes well as shown, 


EXAMPLE 14 Figure 86 shows another form of K Truss of 240 
feet span depth at hip 40 feet and depth at centre 56 feet. Panel length 
20 feet and dead load one ton per foot per truss. Draw the stress, 
diagram. 
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SOLUTION:— 
Commence tbe stress 
diagram from the right 
support and there 
will be no difficulty 
as far as the hip verti- 
cal TU. From this 
point there are three 
unknowns at every 
joint. Proceed as 
follows— Prom points 
d and Q draw lines dW 
and QV parallel to DW 
and QV of frame dia- 
gram (Points X, V and 
w must be in a verti- 
cal line). Select any 
point W on dW drop a 
vertical line on Q V from 
W and select V. Draw 
WU and VU parallel 
to WU and VU of 
frame diagram. Now 



WVU is a triangle, and construct a similar triangle at some other point 
the same straight line as shown. Connect the two apexes of these 
triangles and produce it till it meets the vertical line drawn from t at u. 
The position of the letter u is fixed in the stress diagram. From point 
u draw uw and uv parallel to UW and UV of frame diagram. 

To find the position of x proceed as follows.— From e and Q draw 
lines parallel to EZ and QY select any point Z on EZ, and construct 
a triangle ZYX at two points as shown. Join XX and produce it till it 
intersects the line wv at The position of the letter x is fixed. 

Similarly you are to repeat this method of construction for the 
rest of the midjoints till you approach the centre vertical. Afterwards 

proceed from the left hand support and close the stress diagram 
as shown, 
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BXAUFLE 15:— Pig. 87 represents the skeleton line diagram of 
a Bow String Girder of 70 feet span with a height of 12 feet at the 
centre. Each panel load is 2 tons. It is required to draw tha 
stress diagram. 


Maximum shear is at the 
supports and consequently sufficient 
area of metal to be provided, 

— The advantage of this 
sort of girder is that, we have 
sufficient depth at the centre to 
resist the maximum bending 
moment and no height at the 
supports where bending moment 
is nil. 

SOLUTION: — Stress diagram 
presents no difficulty and there 
are counterbraoes in the centre 
panel. Only one member will be 
stressed at a time and hence you 
are to neglect one of the diagonals 
in drawing stress diagram. 






Note— ~ln this girder the diagonals which are longer than the 
verticals are in compression. This is objectionable, and if the diago- 
nals are reversed they take only tension and verticals which are shorter 
will be in compression This will be then a better design. 


LENTICULAR OR FISH-BELLY GIRDER. 


EXAUPLE 16: — Draw the stress diagram for the Lenticular or 
Fish-Belly Girder of span 170 feet, depth at the centre 30 feet and 
panel length 17 feet. Each panel load is 10 tons. 
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SOLUTION:— These types 
of girders carry the road way 
suspended through the joints 
of the bottom boom. Diago- 
nal bracings in these are 
made to take tension only. 
If any one diagonal is under 
compressive stress, it does not 
act and the other diagonal 
must necessarily be subjected 
to tensile stress. 

In drawing stress diagram 
you are to omit one of the 
diagonals for the reasons ex- 
plained above. 

As usual the stress 
diagram my be drawn without 
difficulty, 


1 



aal-ji f’ 





Chapter VI. 


SPACE FRAMES. 

In previous chap tors we dealt with structures the members of 
which were in one plane. In this chapter wo deal with members of a 
structure that are in different planes. Such structures are called “Space 
Frames*^ or “Framed Structures of Three Dimension8’\ 

Gin Poles, Sheer legs, Tripods, Derricks, Jib cranes etc, are the 
examples. 

The use of the above in actual practice — Plate girders up to 
about 60' span may be swung into place by Stiff Leg Derrick or Guy 
Derrick and a Gin pole also may be used. 

Gin poles may also be used for hoisting steel roof trusses up to 
about 150' span. Tvv(? Gin poles are to be used for long trusses. 

Columns and beams in office buildings may be erected with Stiff 
Leg or Guy Derricks. 


GIN POLE. 

A Gin Pole consists of only one leg of timber or steel with four 
guys and a block at the tf)p through which the hoist line leads to a 
crab bolted near the bottom see fig. 89 and 90. 

EXAMPLE — 1. A Gin Pule with four guys is 60' in height when 
upright and makes an angle of 15° to the vertical. Find the stresses 
in the guys and in gin pole when lifting a load of 5 tons. 

Four guys are tied at their lower ends to logs of wood on the 
circumference of a circle, wu’th a radius of 60'. 

SOLUTION: — First draw the elevation and plan as shown in fig, 
89. In elevation you see only two guys, but in plan you see four guys. 
Points .3, 4, 5 & 6 are the bottom joints of four gnya. All these guys 
arc tied at 2, 

You will observe in plan points 3 — 1 — 2 — 5 are in one plane, 
2'— 3' — I' — 5' are the elevations of the same. Out of 4 ropes and one 
gin pole 1—2, only one guy rope 3 — 2 and gin pole are stressed, the 
rest of the guy ropes (2 — 4), 2—5, & 2 — 6 help the point 2 to remain in 
position. Therefore resf'lvc the load AB parallel to BC and OA and the 
triangle of forces a 6 c is the stress diagram; b c gives the tension in 
tlio guy rope 2 — 3, and c a the coinprcssioii iu the gin pole. 
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Secon dly — A rran ge 
the gay ropes as shown 
in plan of fig. 90. Draw 
the elevation as shown. 
Then the pole 1 — 2, two 
guy ropes 2 — 3 and 2 — 4 
are stressed. You obs- 
erve here that the pole 
and ropes are in diffe* 
lent planes, therefore 
the load cannot be reso- 
lved parallel to the 
members that are in two 
planes. Now j<)in the 
points 3 and 4 and draw 
the centre line 2—7 and 
this is the subbtituted 
imaginary guy in plan. 
The guy 2 — 3, subs- 
tituted guy 2 — 7 and the 
other guy 2—4 are in 



one plane, but the substituted guy 2 — 7 is also in the same plane with 
the gin pole 2 — !• 



The line 2 ' — T 
in elevation repre- 
sents the elevations 
of three straight 
lines 2—3; 2 — 7 
and 2 — 4. Since 
2 — 7 is parallel to 
the vertical planet 
the line 2'— 7' in 
elevation must re- 
present the true 
length of the sub- 
stituted guy. 

Resolve the load 
5 tons parallel to 
gin pole 2—1 and 
the substituted guy 
2—7. 
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The triangle of forces a 5 e gives you the .stresses in gin pole 
and in the sabstitated gay 2—7. 

The next step is to determine the stresses in two guys 2 — 3 and 
2 — 4. From the points 7 draw 7 — 8 equal to 2' — 7' of elevation and join 
8—3 and 8—4. Then 8—3 and 8 — 4 represent the true lengths of the 
gays 2—3 and 2—4 respectively. ( See fig. 90 ). In the force triangle 
ah c the stress in the sabstitated member 2 — 7 is represented by h c. 
Plot the load 6 c any where on the line 7—8 and resolve it parallel to 
8—3 and 8—4, then e d is the stress in 8 — 4 which is equal to 2—4 
and 6 (2 is the stress in 8 — 3 which is equal to 2 — 3. 

The other two gays 2 — 5 and 2—6 do not take any stress and are 
therefore useless. 

In space frames it is very important to remember to 
sabstitate an imaginary member so that it may be common to both the 
planes concerned. Even if the guys or members are unequal the same 
process is to be adopted. 

SHEER LEGS. 

Sheer legs consist of two legs either of timber or steel with one 
or two gays. If the weight is to be raised to a very great height these 
legs are generally of built up ones, as shown in fig. 91. 

EQUAL LEGGED SHEER, 

EXAMPLE 2:— A pair of sheer legs is 45' in 
height when upright, each leg being 60 feet long. 

The backstay is 90 feet long. The plane of the 
legs makes an angle of 30° with the vertical. 

What is the stress in each leg when a weight 
of 50 tons is supported ? See fig. 92. 

SOLUTION:— Sheer legs when upright are 45'. Take x y aa ground 
line and draw v v at right angles to x y and 45' long, with the same 
radius lean it to 30° as shown. Then take 90' the length of backstay 
and connect it as shown. 

The distance apart of the sheer legs is shown in fig (a) and the 
plan of sheer legs is shown in fig. (6). The picture view of the same is 
roughly shown in fig. (c). 

The sheer legs and backstay are not in one plane and so substitute 
an imaginary leg between them as shown in dotted line in fig. (c); 

10 
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This dotted Jine is common to both the planes. In fig. 92. V Y* rep- 
resents an elevation of two sheer legs as well as an imaginary leg, but 
V V' gives the true length of the imaginary leg. 

Resolve the force AB parallel to backstay and the imaginary leg 
as shown in fig. (d). Then a c represents the stress in imaginary leg 
and b e the stress in backstay. The distance apart of the sheer legs is 



shown in fig (a) and the imaginary leg is midway between. Plot the 
force a c on the imaginary leg or parallel to it and resolve it parallel to 
the 60 feet sheer legs as shown in fig. (o) a d — c d=stre8s in each leg. 

UNEQUAL LEGGED SHEEIl. 

EXAMPLE 3:— A load of 5 tons is suspendud from sheer legs. 
The lengths of the legs PA, PB and PC being 40', 32' — 6" and37'--6", 
while the lengths AB, BO and CA measured along the ground are 
37'— 6", 25'— 0" and 50'— 0". Determine the height of the apex P 
above the ground and the force acting along each leg. 

( 1 sc. Eng. Part II. ) 

SOLUTION; — Draw the plan of the base of sheer legs first as per 
dimensions given. Now P is the apex. The lengths of PA, PB, PC are 
given. In oi*der to fix the apex point P in plan proceed as follows:- 
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Take the length PA equal to 
40 feet and strike an arc with 
centl*e A and take the length 
PB=32' — fS" and strike an arc 
similarly with centre B and let 
them intersect at 1 (see fig. (a)). 
Similarly take the lengths of 
PB and PC and get those 
intersected at 2. 

Now the path described by 
the apex 1, if lifted from the 
ground keeping points A and 
B fixed, it will be at right ang- 
les to A B. Bo from points 1 
and 2 draw straight lines at 
right angles to A B and B 0 
of these two will be the 


respectively and the point of intersection 
required apex P of the sheer legs. 


Now join PA, PB and PC and this represents the plan of the 
sheer legs, see fig, (a). At P the load of’ 5 tons is suspended. Since 
PA, PB and PC are not in one plane, substitute one imaginary member 
in a line with any one of these three leg®*, so that it may be common 
to both the planes. 


Substitute a member PD in a line with PB, then PD is common 
to both the planes, viz, it is in the same plane with PB as well as in 
the same plane with PA and PC. Next take a ground line XY parallel 
to PBD. In this vertical plane you get the real length of the sheer leg 
PB as well as the real length of the substituted dotted member PD. 
Draw projections from the points PBD at right angles to X Y as 
usual. The projection line from P is to be continued till it is intersected 
at P' with a straight line equal to the real length of PB = 32' — 6". Join 
P'B' and P'D'. 


Resolve the load 5 tons parallel to P'B' and P'D'. The triangle 
offerees efff fig. (c) will determine the sti esses in P'B' and P'D'. 
PA, PD,^ PC are in one plane, bring these to a horizontal position 
again and let them meet at apex 3, see fig. (o). Now plot g e in b line 
or parallel to the substituted member PD which is equal to D3 in this 
new position and resolve the same parallel to the other two legs AS 
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and C3, See fig, (d) e & is the stress in C3 which is equal to PC and 
^ h is the stress in A3 which is equal to PA. 


TRIPODS, 

A tripod consists of three legs made of wood or steel. Generally 
the base on which the legs rest is a triangle, In case of equal legs of 
equal inclinations to the horizontal the base will be an equilateral triangle. 


EQUAL LEGGED TRIPOD. 

EZAUFLE 4: — A load of 7 tons is suspended from a tripod, the 
legs of which are of equal lengths and inclined at 60° to the horizontal. 
Find the thrust on each leg. 

( I Sc. Eng. Part TI. 1923, ) 

SOLUTION:— Since the 
legs are of equal lengths and 
of equal inclinations, the 
base is an equilateral trian* 
gle. Describe any equilateral 
triangle say ABC fig. 94 
(a). The intersection point 
of two medians will give you 
the apex point P in plan. 
Join PA, PB, PC. This 
represents! the plan of the 
tripod. Now substitute an 
imaginary leg in a line with 
any of these three legs. Say 
PD and this is in a line with 
the plan of the leg BP. Then you observe that this substituted leg 
PD is in a plane with BP and as well as in a plane with the other two 
legs PA and PC. Hence PD is common to both the planes. 

Next take a ground line x y parallel to the line BPD and project 
the elevation B' P' D' as shown in figure (&}. In this elevation, lines 
B' P' and P' D' represent the true lengths of the legs BP and PD as 
the vertical plane is parallel to BPD. Now resolve 7 tons parallel to 
these two legs and you get the force triangle e f g. See fig. (o). Hera 
y / is the stress in the leg PB and y e is the stress in the imaginary 
leg. Since this imaginary leg is also in the same plane with PA and 




SPACE FRAMES. 


77 


OHiP. Vt 

PC of fig. 94 («) fi®* lengthB of PA, PC and PD as shown in 

fig {d) and plot the stress g eon the imaginary leg or parallel to it. 
( This is considered as a load acting on the imaginary leg )• Then 
resolve this force parallel to the other two legs P' A and P' C as shown, 
eh » stress in PA and as well as in PC. Therefore gf:=zghsaeh. 



EXAlKLE 5: — A tripod is 
made up of poles AB, AC, AD. 
each 9' long, their feet forming 
a triangle on horizontal ground 
such that BO=:8', CD ==7', 
BD = 9'. Find graphically the 
forces which act down each leg 
of the tripod when a load of 10 
tons is suspended from it. See 

fig. 95. 

SOLUTIONt—The legs are 
of equal lengths. Distance apart 
of each leg on the ground is 
given. First draw the plan, BO, 
CD and DB. To find the apex 
A, strike ares of circles with a 
radius of 9' from D and C and let 
them intersect at 1. Similarly 
strike arcs from B and C and let 


them intersect at 2, Now the point 1 of the triangle DC 1 if lifted!, 
the path described by it will be at right angles to the base DC, similarly 
the path of point 2 also is at right angles to the base BO. Gret these 
two paths intersected at A which is the apex of the tripod. Now join 
AB, AD, AC and this figure represents the plan of the tripod. In a 
line with any of these three legs, insert one imaginary leg in dotted 
line, say AE. Now AE is in a plane with the leg AC and as well as 
in a plane with AD and AB. Then take XY line parallel to the plane 
ACE and project an elevation of the legs AC and AE. See fig. (&), 
Now resolve the load 10 tons parallel to AO and AE as shown in fig (c)» 
Here ^ A is the stress in the leg AC and A / is the stress in the 
imaginary leg AE. The stresses in the legs AB and AD are to be found 
as follows. See fig 95 (a). Strike arcs with a radius equal to the length 
of each leg AB and ADs9' and let these two arcs intersect at a. Join 
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o E, then a E represents the imaginary leg. Plot / A of fig (c) which 
is the stres in the imaginary leg along the line a E or parallel to it 
and then resolve the same parallel to the other two legs o B and a D 
as shown ; f k and h k repiesent the stresses in the legs AD and AB 
respectively. 


UNEQUAL LEGGED TRIPOD. 

EXAMPLE 6: — The lengths of the legs of a tripod are OAssll'i 
0B=9' and 00 = 10'. The length AB=8', B0 = 9', CA= 10'. Find the 
stresses in these legs when carrying a load of 10 tons at O. See fig. 96. 



BOLUTION:— OA, OB, 00 are the lengths of the legs : AB, BO, 
CA are the lengths of the hase. Now to any convenient scale plot the 
base first as follows. — AB = 8' and from B and A strike arcs with 
radii 9' and 10' respectively, the intersection point of these two arcs 
will give you the point 0. Again from points A and B strike arcs to 
the lengths of the legs OA and OB, and let these two arcs intersect 
at 1. Join A1 and Bl in dotted lines ; A1 and Bl represent the lengths 
of the legs OA and OB. The path described by the point 1 when it is 
lifted towards the apex of the tripod will be at right angles to the base 
line AB. Similarly point 2 travels at right angles to the base line BC. 
Therefore from points 1 and 2 draw lines at right angles to AB and BC 
and the intersection of these two straight lines will give you the point O 
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the apex of the tripod. Join OA, OB and OC and this whole figure 
represents the plan of the tripod. 

Now substitute as before an imaginary member OD in a line with 
OB. Then BOD is in one plane and OA, 00 and OD aho are in one 
plane. Therefore OD the substituted member is common to both the 
planes. Next take x y line parallel to BOD and project an elevation 
of OB and OD as shown in fig (a). In the elevation firm and dotted 
lines represent the true lengths of OB and OD respectively, as the 
vertical plane is parallel to OB and OD. Resolve the load 10 tons 
parallel to O' B' and O' D' as shown in fig {b),f g represents the stress 
in OB and ^ e is that of OD. To find the stress in the remaining legs 
OA — 00 proceed as follows. — strike arcs with the radii equal to the 
lengths of OA — 00 and let them intersect at 3. See fig. (c). Join A3, 
03 and D3. Now plot the stress ^ e on the line D3 and resolve the 
same parallel to A3 and 03. Then e h and g h represent the stresses 
in OA and 00 respectively. 


DERRICKS. 

Guy Derricks have vertical masts guyed with three or more guy 
lines and have booms which carry blocks and fall lines on the npper end. 
Those booms are raised or lowered with rigging called “Topping Lines” 
or Boom lines. The load is raised by rigging called “Fall Lines” or 
“Falls”, Guy Derricks may be swung in a full circle. Fig 97 shows the 
general elevation of a Guy Derrick. 



EXAKPLE 7: — The jib of a derrick is inclined at 30° to the 
vertical and the topping lift is attached to a point vertically over the 
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foot of the jib at a height equal to its length. Find the tension in the 
lift and the thrust in the jib when lifting 6 tons. There are three guys 
attached to the mast at 120° to one another and inclined at 15° to the 
horizontal. Find (a) the tension in the guys when the plane of the jib 
and topping lines are in the same plane with one of the guys^ (5) when 
it makes an angle of 30° to one of the guys measured horizontally, 

SOLUTION Fig. 98 shows the line diagram of the derrick. The 
triangle of forces a b c fig. 99 shows the stresses in jib and topping lift, 
(a) Since the derrick can be swung in a circle it can be stopped at 
any position. In the question it is stated that the derrick is to be in 
a plane with one of the guys. In this position the other two guys 
which are in different planes are only stressed and the one that is the 
third guy which is in the same plane with the derrick is not stressed 
for the reason that the guys being flexible do not take compressive 
stresses. Now the lengths of the guys are not given and are not 
necessary since the angle of inclination of each guy is given. 



In this case you are to draw the plan first, see fig. 100. Take any 
equal lengths on the guys as 1—2, 1—3, and join 2 — 3 in dotted line. 
In a line with the derrick draw an imaginary guy 1 — 4. This 
imaginary guy is common to both the planes v i it is in the same 
plane with the derrick and also in the same plane with guys 1—2 and 
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1— .8. Next draw the elevation on x y line taken parallel to the 
derrick and the imaginary gay, see fig. 98. The line 1'— 2' represents 
the elevation of three guys 1—2, 1—3 and 1—4. The line V — 2' 
gives the true length and inclination of the imaginary gay 1—4, hs the 
vertical plane is parallel to 1—4 of fig. 100. 

Method of getting the point 2' in fig. 98. — ( Draw from the top 
of the mast, one horizontal line and from the same point draw another 
line at an inclination of 15° as shown. This is the actual inclination of 
the gays. Since the gays 1 — 2 and 1 — 3 are not parallel to the x y 
line, the line inclined at 15° to the horizontal does not represent the 
elevation of the two guys concerned. Take 1 — 2 in fig. 98 eqaal to 
1—2 of fig. 100 and drop perpendicular to the inclined line at 6, and 
from 6 draw horizontal line till it intersects the dotted line at 2,' 
projected from 2 and 3 of fig. 100. Line 1'— 6' of fig. 98 is the actnal 
length of the guys 1 — 2 and 1—3 of fig. 100. Join 1'— 2' and this line 
represents the elevation of three guys 1 — 2, 1 — 3 and 1 — 4 ; but it 
represents the actual length and inclination of the imaginary guy 1—4. ) 
Now go back to fig. 99 and complete the stress diagram by circling 
round the top joint of the derrick as shown, c d is the stress in the 
vertical mast and d a is the stress in the imaginary guy 1'— 4'. From 
2 and 3 of fig. 100 strike arcs with a radius equal to 1' — 6' of fig. 98 
and get them intersected at 5. Join 4 — 5. Plot d a in a line with 
4 — 5 and resolve parallel to 2 — 5 and 3— 5. Then a e and d e represent 
the stresses in two guys 1—2 and 1 — 3 respectively. 

(5) In this part of the question the method of working is the 
same as above. The plan fig. 101 is to be drawn first, the plane of 
the jib and topping lines is at 3(P to the third guy. At this position 
of the derrick the third guy does not at all come into action and only 
the guys 1 — 2 and 1 — 3 are stressed. Here 2 and 3 are joined and the 
imaginary guy 1 — 4 is taken in a line with the jib and topping lines. 
In elevation see fig. 102 lines 1' — 2', 1' — 3' and 1' — 4' are the elevations 
of 1—2, 1—3 and 1—4 of fig. 101. Line 1' — 6' represents the actual 
lengths of guys 1 — 2 and 1 — 3, and the line 1' — 4' is the actual length 
of the imaginary guy 1—4. Fig. 103 represents the stress diagram 
and determines the stresses in the vertical mast, jib, topping lines and 
imaginary guy 1'— 4'; the force triangle ad e ot fig. 100 determines 
the stresses in the guys 1—2 and 1—3. 

TI 
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STIFF LEG DERRICK. 

The Stiff Leg derrick has one vertical mast braced by 2 triangular 
frames set at right angles to each other. This derrick has a free swing 
of about 240 degrees. The mast may be turned by hand or by means 
of a bull wheel operated by a line from the hoisting engine. Figures 
104 and 105 represent the plan and elevation of a Stiff leg Derrick. 

EXAMPLE 8: — A stiff leg derrick has a mast of 40 feet high and a 
jib or boom 50 feet long inclined at 30 degrees to the vertical. The hori- 
zontal legs of the triangular frames are 40 feet long. Find the stresses 
in all the members when a load of 12 tons is lifted and when the jib of 
the derrick is at an angle of 135 degrees with the triangular frames 
measured horizontally. 

SOLUTION: — Figure 106 is the plan of the derrick and figure 107 
is the elevation. Since the triangular frames 1—2 and 1—3 are in 
different planeSi inseit an imaginary back leg 1 — 4, in a line with the 
jib and topping lines, see figure 106. In figure 107 line 1'— 2'— 3'— 4' 
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represents the eleva- 
tion of three lines 
1.2, 1—3 and 1—4 
of fig. 106 but it 
gives you the real 
length and inclin- 
ation of the imagi- 
nary leg 1—4. The 
real lengths and 
inclinations of the 
sloping members 
of the triangular 
frames 1—2 and 
1 — 3 are represented 
by one single line 
1'— a' in the 
elevation, 
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Now work out the top joints of the jib and mast and draw the 
stress diagram as shown in fig. 108. Line d a ib the stresB in the 
imaginary back leg. From points 2 and 3 of fig. 106 draw 2—5 and 

equal to the true lengths of the back legs and join 4—5. On 4—5 
plot d a the stress in the imaginary leg and resolve the same parallel 
to 2—5 and 3 — 5. Then d e and a e represent the stresses in 3—5 and 
2 — 5 and these in turn are equal to the inclined members 1 — 3 and 
1*^2 respectively. The horizontal components of these stresses are the 
stresses in the bottom horizontal members of the triangular frames. 

CllANES. 

Cranes are generally used for lifting and shifting light and 
heavy machines etc. The following aro the usual types of cranes.— 
Wall Cranes, Jib Cranes, Foundry Cranes, Warf Cranes, and Travelling 
cranes and so forth according to the locality and purpose for which they 
are used. 

EXAMPLE 9:— The elevation and plan of a Jib crane are repre- 
sented in figures 109 and 110. It has two triangular frames, two ties 
and one jib. The angle of inclination of two lies is 80°. The foundation 
pin has gone right down into the ground and rests on a pivot B, The 
tension in the chain is by means of tackle, made half the weight. 
Determine the stre'=^ses in the frames, jib and tie rods, the horizontal 
stress at A and the magnitude of reaction at B when the load carried 
is 10 tons, 

SOLUTION:— The effective load at P is the resultant of the load 
WsalO tons and the tension in the chain = 5 tons. It is shown in fig. 
109 where you can see c d^w^d e the tension in the chain and c c ia 
the resultant. This resultant c 6 is resolved parallel to the jib and to the 
centre line of two ties in figure III. Hence f e represents the stress 
in the jib and / o is the stress in the centre line of two tie rods. In 
fig- 109 the true angle of inclination of two tie rods is shown and / e 
the stress in the centre line is plotted and resolved parallel to the two 
tie rods; f g and eg give the stresses in two tie rods. These two tie 
rods are joined to two triangular frames and pull the frames at an 
inclination of 10° and therefore the stresses in the tie rods are to be 
resolved parallel to the frames ; the components which aro parallel 
to the frames are f h and h a. Hence each tie rod pulls the frame to 
the amount oi f h ov h e. Consequently / A is the pull at the apex 
of the triangular frame and is resolved parallel to the vertical and 
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inclined member of the frame. / fc is the stress in the inclined member 
and h 6 is the stress in the vertical member. 



The resnltant load at the point P and the horizontal stress at A 
meet at Z and therefore the reaction at B must also meet at Z owing 
to the concurrence of three forces in equilibrium. The force triangle 
cel fig. 112 determines the magnitudes of reactions. 

.Note:— The resnltant load e c and two reactions ( one at A and 
another at B ) keep the whole crane in equilibrium, consequently these 
three must meet at a point as these are coplanar concurrent forces. 

EXAMPLE 10: — Draw the stress diagram of the crane shown in 
figure 113 and distinguish between ties and struts. A is a footstep 
bearing and the reaction at B may be assumed horizontal. 

( 1. Sc. Eng. 1922. ) 

SOLUTION:— The load to be lifted is 10 tons. First letter the 
load and spaces as per Bow's Notation as shown. Since there is only 
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one load and two supporting points A and B, the forces acting at these 
two points and the given load must pass through a common point# 
The direction of reaction at B is known and the direction of the load 
to he lifted is also known, these two if produced will meet at K and the 
third force therefore acting at A must also pass through K. 

Commencing from 
the top joint the stress 
diagram can easily be 
drawn as follows.— 

The triangle of forces 
at the top joint is 
c d e see fig. 114; at 
the junction of tie and 
the vertical member 
at 80^ is e h c, at the 
third joint at 60® 
inclination h g c, at 
the point B the force 
polygon is h e d f g h 
and the force triangle 
at K is f d c. To 
distinguish between ties 
and struts the student 
should designate the 
joints of the members 
of the frame diagram 
by means of arrow 
heads. See roof truss 
chapter Part I. 

EXAMPLE 11: — ^The plan and elevation of a hand wharf crane 
are shown in figures 116 and 115. The crane consists of two ties, two 
triangular frames and two jibs braced together. The whole crane 
swings through a complete circle. The weight to be lifted is 10 tons 
and the stress at F is assumed to be horizontal. Determine the stresses 
on all the members and reaction at Q. 

SOLUTION: — The working method is same as shown in example 9.^ 
The true inclinations of ties and jibs are shown in figures 117 and 118 
respectively. The given load Was 10 tons and the tension in the 




oacf 


4 

Then ct A and c A represent tne stresses in tbe centre lines of 
ties and jibs respectively. Consequently the stress a <2 is plotted on 
the centre line of ties in fig. 117 and resolved parallel to two ties. 
Similarly the stress A c is plotted on the centre line of jibs in figure 118 
and resolved parallel to two jibs. Now the two triangular frames are 
parallel to the vertical plane and the two ties which incline to both 
the horizontal and vertical planes of projections are attached to top 
apexes of these two triangles and hence the stresses determined in the 
ties are to be resolved parallel to the plane of triangles. Therefore 
ah and hA the components ot a f and / A (see figure 117) are 
parallel to the plane of the triangles. The force a A is taken in the 
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same plane of the triangle in fig. 115 and resolved parallel to both the 
inclined members of the triangular frame and thns their stresses are 
determined. 

The resultant load AC and the reaction at P intersect at B and 
therefore the reaction at Q must pass through the point B. Beactions 
at P and Q are determined in the triangle of forces in figure 120. 

EXAMPLE 12: — The travelling jib crane is shown in figure I2l. It 
carries a maximum load of 10 tons, and revolves round, on ball bearing 
centre pin at X. Determine the stresses in all the members and find 
the counterbalance weight required at Y to maintain equilibrium. 

SOLUTION:— The frame of this crane is in one plane. Generally 
the jib cranes of heavy typos are built in different planes and in such 
cases the working method is, as shown in example 11. The load is 
10 tons and the tension in the chain is 5 tons as usual. The effective 
load at F is the resultant of the loads 10 and 5 tons respectively. 



'Ihe tension of 5 tons in the chain, which is wound round the 
drum at the centre of the member CD, produces additional two loads 
of 2*5 tons at each end of the same member. Unless these two loads 
are plotted in the load line in figure 122, the stress diagram does not 
close. Hence this is a clear proof that there exist two loads which are 
the parallel components of 5 tons tension in the chain. By going 
round each joint successively the stress diagram ean be drawn without 
difficulty as shown in figure 122. Working method is as follows — The 
resultant o c of the two loads a b and 6 c is named as per Bow’s 
Nutation as AB and this load AB is plotted in fig. 122 as a 6, and 
circling round the point P of the crane the force triangle ah ca 
is obtained in fig. 122. Then the bottom joint of the membr BC is 
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to be solved. Here the stress in OB is already determined and the 
magnitude of the force BQs 2*5 tons, therefore & y is drawn in fig. 
122a«2'5 tons^ then g d and d c are drawn parallel to GD and DC of 
the frame diagram fig. 121. Now coming to the bottom joint of the 
member GA, we know the force HAss2‘5 tons and taking h aas2*5 tons 
in fig. 122, we can draw the force polygon h a c d e h in fig. 122 very 
easily. Next the bottom joint of the member ED, that is, at the centre 
pin X, the polygon d g f e d is to he drawn in the order. 

Lastly the counterbalance weight at Y is to be determined by 
circling round the joint at Y. The force triangle h ef A is to be drawn 
and from this the counterbalance weight / h may be measured to the 
scale of r^=20 tons and determined. 


EXAMPLE 13:-- 

Fig# 123 represents a 
forge crane. Draw 
the stress diagram 
for this frame work 
and determine the 
directions and magni- 
tudes of reactions at 
the supports for a load 
of 5 tons suspended at 
the free end of top 
horizontal member. 



SOLUTION: — The portion EF of the top horizontal member is not 
braced and hence it is a cantilever fixed at E and free at P, This 
cantilever is subjected to bending and shear stresses u i 5 x 5 = 25 tons 
feet ( B. M. maximum at E ) and 5 tons shear. The only possible and 
quicker method of solving such sort of problem like this, is to determine 
the actual vertical load at joint E, and then the triangle of forces can 
be drawn. 

Now GP is a straight bar hinged at E and G and this may bo 
taken as a lever with its fulcrum at E» Selecting E as moment centre 
we have 5 tons x 5' = the tension in the member CD X 5. Calling Tathe 

tension in the member CD we have T= ^aa5 tons. The actual load at 


12 
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E is therefore S+Sa 10 tons. The reason is obvions as the point E is 
to resist the tension in the member CD \vhich is acting at G and the 
pull of 5 tons at F. The stress diagram can easily be drawn as shown 
in the figure 124. For the joint at E the force triangle is a & c. Then 
at the joint G the stress in the member AG is known and the stress in 
the member GD~5 tons as determined above and the third force DA 
is the reaction at G. Laslty the joint H is named as DG> GB and BD 
and the stresses are as shown in figure. 124. 

On refering to fig. 124 we see that the two reactions at G and H 
and the load at B all meet at one point. The dotted lines in fig. 124 
show the graphical solution of this example. 

EXAMPLE 14:— A more difficult sum on wall crane similar to the 
crane worked out above is represented in figure 125, Determine the 
stresses on all the members^ the thrust at G and K and pull at H and L. 
Determine also the bending moment and shearing force in the vertical 
member LK. Load 2 tons, HMH is a continuous member 
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SOLVTlOlf :>»The eqaivalent load at if for a load of 2 tons at the 
free end is as follows.— 'Tension in the member BFxl0a2x5 (Mas 

moment centre ) T= ton. The load at M=2 + l»3 tons. Now the 

stress diagram can be drawn by going ronnd each pint snccessively as 
shown in figure 126. While circling round joints G and H, we know 
the stress in the member EFcal ton and platting this to the scale in the 
stress diagram the reactions at O and H can be determined as shown. 
The horizontal component of reaction at G is the thrust at G and 
similarly the horizontal component of reaction at H is the pull at H. 
The horizontal components of these two reactions are equal ( see figs: 
125 and 126 ). Bending moment and shearing force diagrams are drawn 
in figures 127 and 128. Here yon will observe the thrnst atK is equal 
to the pull at L. Two reactions and the load at M meet at P. Also 
the thrust at K and the vertical reaction which is equal to the load 
lifted, when combined for their resultant and produced will intersect 
the external load line at Q The pull at L which is equal to the thrnst 
at E if produced will also meet at Q. ( See fig. 125. ) This fact sh.ow:s 
that our assumptions and method of working are correct. 

Note : — HMN is one member. While calcnlating the moments 
about tbe fulcrum at M the tension in the member BF only is taken, but 
there may be some doubts to the students that members CD and DE. 
also may help to keep the bar HMN in position and their stresses also 
to be taken in aalculating the moments. The introduction of the 
members CD and DE is only to keep the points 1 and 2 in position. 
Tbe vertical member EF plays an important pai-t in resisting the 
tension caused by the lever HN. Suppose the member EP is cut off,, 
the joints G and H will no longer be in position and the effect would 
be instantaneous. We may remove the members CD and DE and the 
result is, that the joints 1 and 2 may shoot in gradually or may not 
without causing any appreciable change in tbe joints H and G/ because 
member G— I— 2— M becomea one curved member and supports the 
horizontal member HMN. Hence the tension in the member EF ia 
taken in calcnlating the moments about M. 

EZAICFLE 15: — A foundry crane is arranged as in figure 129. 
Assuming that AE is a continuous member, and that A, B, C and D are 
frictionlesB pin- joints and that the pulleys are frictionless determine;.-^ 
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(a) The bending moment resisted by the member AE at D (i) The direct 
thrust, or tension, in the members AD, AC, CD and CB. 

( C. E, sub: 1925 ) 



MK=10 tons. In addition to this, the joint D is to resist the resultant 
load of 5 tons tensions on two portions of the chain that go round 
the pulley at D. The effective load at D is shown by the diagonal 
of the parallelogram of forces shown in firm line. The load at C is 
equal to the resultant of 5 tons tension on two portions of the same 
chain that go round the pulley at C and this resultant is shown in 
firm line at C. These loads are named as per Bow’s Notation, The 
polygon for the joint D is f g e f see fig, 130 and the polygon for the 
joint C is g h k 1. Determination of reactions at A and B is as follows.— • 
The tension in the member KM = 5 tons. From the point K in the 
figure 130 plot KM = 5 tons and thus the point m is fixed in the stress 
diagram. The reactions at A and B are named as MF and HM 
respectivel 3 % Therefore in figure 130 join points / and A tom, then 
m f and h m give you the magnitudes and directions of reactions at 



Chap. VL 


CRANES. 


9S 


A and B respectively. When these directions of reactions are produced 
from points A and B, they meet at X and the resultant load of FG and 
GH also meets at X. The direction of the resultant load ol f g and g h 
is shown in figure 130 in dotted line ( / h ). In figure 129 the load GEL 
if produced intersect the load FG at I and from the point 1 if we draw 
aline parallel to the line of action of the resultant fh of figure 130 
we see it exactly meets at X of fig. 129. 

This is a clear proof to show that all our assumptions and method 
of procedure are correct. The bending moment resisted by the member 
AE at D is equal to 5 x 10 = 50 tons feet. See the note of example 14. 

EXAMPLE 16:— A crane ( figure 131 ) consisting of a triangular 
frame with rollers at A and B is lifted bodily with its load of 4C00 IBs 
by a hydraulic ram, 0. Find the stresses in the members of the frame. 
( City & Guilds. Exam: in Mech. Eng: ). 

SOLUTION:— The 
crane has two rollers 
A and B, the reactions 
must therefore be at 
right angles to the 
surface in contact. 
The hydraulic ram 0 
lifts the whole frame 
and of course the 
direction of the push 
should be upwards. 
These are the preli- 
minary reasonings ; 
and the arrow heads 
are to be marked as 
shown in figure 131, 
Now the stress dia- 
gram can be drawm 
as usual commencing from the joint where the load is suspended. The 
force triangle for this joint d e f see figure 132, Next the joint at 
the roller B is to be attempted, here the stress in DF is known and the 
stress in FH and the reaction HD are to be determined. The letter h 
is to coincide with f as the reaction at B is named h rf. Hence the 
stress in the member FH is zero. This is quite clear as the roller B is 
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kept in ^quilibriam by two forces d f and h d which are equal and 
opposite and the third force is not necessary. Lastly the joint at the 
roller A is to be solved^ the force polygon is f e g h as shown in the 
figure 132. The member FH is introduced here, only to prevent the 
roller shooting up or down the pilar. 

EXAMPLE 17: — Figure 133 shows a wall crane carrying a load of 
10 tons. Find the reactions at the points of supports and draw the 
force diagram for all the members of the structure. Give the nature 
and magnitude of the force in each member. 

SOLUTION: —Letter the 
given load and the members of 
the frame as per Bow^s Notation. 

Start the stress diagram from 
the free end, a h c is the force 
triangle for this joint. In the 
next joint the member CD has 
no stress as the letter d 
coincides with c. The polygon 
for the next joint is c d e a c. 

Similarly proceed on, till you 
fix the letter g in the stress 
diagram. Then circle round the 
joints at the supports; the forces 
acting at the bottom support 
9 A f ^ and b g; out of 
these you know the forces g /, 

f b and join b g. Then b g represents the magnitude and direction of 
the reaction at the bottom support. Similarly g a represents the stress 
in the member GA and the magnitude and direction of the reaction at 
the top support. The external load AB and tw) reactions BG and GA 
meet at a common point on the load line. ( See the frame diagram 
fig. 133. ) To find the nature of the stresses in the members, read the 
corresponding stress in each member in the stress diagram and put the 
arrow heads as shown. When the arrow head points towards the joint 
that member is in compression and when the arrow head points away from 
the joint that member is in tension. Bead chapter III page 41. Part I* 

EXAMPLE 18: — The figure 134 shows an elevation of a jib crane 
with the jib swung back against the guys. If the load on the crane 
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in tLis position is 4 tons^ find the load carried by the member FG and 
the forces in all the members 

SOLUTION:— 

Letter the load and 
all the members, 
and draw the stress 
diagram commen- 
cing from the top 
joint of the crane. 
There are two 
supporting points 
one on the right 
and another on the 
leftj and the suppo- 
rting forces are named clockwise as BE and EA, respectively. After 
fixing the letter e in the stress diagram get the magnitude and direction 
of each reaction as shown. Two supporting forces and the external 
load meet at a common point P. 



Linear Sca/e 
LaaefJca/e /^/ff/dns. 
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Now observe the frame diagram 
fig. I4l and the corresponding stress 
diagram fig. l42, you see that there is 
no stress in the member BC of fig* 141, 
bceause the load is directly taken by the 
vertical member OA. and transmits the 
same to the joint 2. Similarly the 
reaction R acting at 4 is borne by the 
triangnlar frame 1—3 — 4 and conseq- 
uently the dotted members inside the 
wall are not stressed. 







If you were to solve such sort of 
cantilever as shown in figure 143 you 
can quitely omit the members shown 
dotted in drawing the stress diagram for 
the reasons explained before. Figure 
144 shows the stress diagram^ 



A little bit puzzling braced 
cantilever is shown in figure 145 
and its stress diagram is shown 
in figure 146. There is no 
difiiculty till we get the letter e 
in the stress diagram. There 
are two balancing couple AB, 
HA and BQ, GH. Now the 
force b g must be in a line 
with b e and h a must be in a 
line with a h and equal to it. 
Consequently the letter h must coincide with &• By similar reasonings 
the letters / and g must coincide with c, 

13 
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EXAMPLE 1:-— A braced cantilever 20 feet span with vertical 
loads as shown in figure 147 is given. Draw the stress diagram and 
determine the directions and magnitudes of reactions. 

SOLUTION;— The bottom 
horizontal member is in 
compression and therefore 
this member is divided into 
four equal parts. Care must 
be taken to reduce the lengths 
of compression members and 
keep them as short as possible 
or the truss will be very 
heavy and costly too. Stress 
diagram presents no difficulty 
as far as the supports. It is 
quite possible to assume the 
direction of reaction at bottom 
of the cantilever as horizontal. 
Consequently the letter g coincides with A, and the top reaction is 
named as FG. Therefore in the stress diagram fig. 148 the point f to 
be joined with h. Then f g is the direction and magnitude of the top 
reaction. The magnitude of the bottom reaction is g a. 

Note:^^[a) This cantilever is in equilibrium by three forces viz. 
the resultant of the external loads and two reactions and all must meet 
at one point. Consequently these three forces meet at P if produced. 

(i) All the compression members are shorter than the tension 
members, and hence the design of the cantilever is good. 

EXAMPLE 2: — Figure 149 shows the same diagram of example I 
loaded with the dead and wind loads and it is required to draw the 
stress diagram for the same. 

SOLUTION; — Both the dead and wind loads are combined for 
their resultants by the parallelogram of forces. The loads are 
symmetrical and parallel to one another. The line of action of the 
resultant of this system of loads must pass through the mid point of 
the sloping rafter and the direction of reaction at the bottom fixed 
point of the cantilever is assumed to be horizontal. These two forces 
meet at P and the second reaction at the top end of the cantilever must 
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also pft99 through the point P as shovpn in the frame diagram 149. 
Figure 150 shows the stress diagram. 



EXAMPLE 3:— Figure 151 shows the same type of cantilever 
dealt with above has been loaded on both top and bottom joints. Dead 
and wind loads are taken on the top chord members as usual and a 
part of dead load is considered to act on the bottom chord joints. 
Determine the stresses in all the members, 

SOLUTION:— Plot the loads and with the help of polar diagram 
and the corresponding funicular polygon get the line of action of the 
resultant of this system of forces as shown. The horizontal reaction and 
this resultant intersect at x and the third force which is the reaction 
at the top fixed end of the cantilever must also pass through x. Figure 
152 is the stress diagram. 


GRAPHIC STATICS. 


F/0./S2. 


StfoAPS. 


/heasr /^//?. 




^ 1 >; 
1 



» la 


Z oac/ /^S 


EXAMPLE 4:— Figares 153 
and 154 show the frame and 
stress diagrams of a braced 
cantilever, where you can 
observe that the longer mem-» 
bers are in compression and 
the top chord member which is 
in tension is divided into four 
equal parts and the bottom 
horizontal compression mem- 
ber is divided into three 
which is quite contrary to the 
elementary rules of structure 
and hence this is not a good 
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EZAHFLE 5:— The 
braced cantilever shown 
in figure 155 is not much 
exposedl to wind press- 
ure as the roof covering 
be on top horizontal 
member and it may be 
subjected to some shif- 
ting effect of wind 
pressure from under- 
neath. Figure 156 is 
the stress diagram. 

Note :— we assume the direction of reaction at the top joint to 
be in a line with the top horizontal member, the direction of reaction 
at bottom joint will be inclined or if we assume the reaction to be in a 
line with the bottom inclined member, the top reaction will be inclined, 
but whatever may be the case, the two reactions and the resultant of 
the system of given loads must meet at a common point. These two 
assumptions above referred to, are worked out in figures 155 and 156* 
( To assume the direction of reaction in a line with the chord member 

EXAMPLE 6:— The bra- 
ced and supported cantilever 
represented in figure 157 is 
a half French roof truss. This 
may be effectively used in 
railway platforms. The over- 
hang is 23 feet and the space 
between the supports is 17 
feet and hence the reaction 
at the wall acts downwards 
and the reaction on the col- 
umn acts upwards In drawing 
stress diagram the progress is 
stopped at the fourth joint 
from the free end, where we 
meet three unknowns and this 
can be solved either by substi- 


which is not loaded is reasonable. ) 
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tutiion orlby construction methods, ( See Part I fig. 89, for the detail 
eolation of the French root trnsa. ) Fig 158 shows the stress diagram 
and the construction method is used as shown. 



EXAMPLE 7:— Figure 
159 represents a braced 
cantilever similar to the 
figure shown in example 
6 without pillar. The 
stsesa diagram may be 
commenced from the free 
end of the cantilever. 
Here in this truss, direc- 
tions of reactions need 
not be assumed and by 
workitig the fixed joints 
at Q and B as usual the 
directions and magni- 
tudes will be determined 


in the stress diagram as shown. Here member MH is in compression 
and KH in tension although these two members are in one and the 
same line. 


Note : — In all these cantilevers directions of reactions need not 
be assumed first, but they are determined in their corresponding 
stress diagrams. 


Chapter VIII 


TRANSVERSE BENTS OR TRUSSES WITH KNEE BRACINGS. 

Transverse Bents are roof trasses supported on columns and are 
provided with knee braces to prevent them against longitudinal move- 
ments. These kinds of trusses are generally used in steel mill 
buildings and are spaced from 16 to 32 feet apart. Since the lateral 
movements are not allowed for, the shoes of the trusses on both the 
ends are rigidly connected to the ends of the columns and hence the 
stresses in these transverse bents are statically indeterminate for wind 
and inclined loads. There are certain assumptions to be made on 
transverse bents when they are subjected to the wind and inclined 
loads and are dealt with in the following exam pies. 

EXAMPLE 1: — A transverse bent of 40' span, pitch of roof ^ of 
the span, height of posts 20', is represented in figure 161. Draw the 
dead load stress diagram. Loads are as shown. 

SOLUTION:— Plot the 
given loads to a suitable, 
scale, the reaction on each 
W 

column is equal to where 

W = tota] load. Since the 
loads are vertical there will 
not be any stress on the 
knee braces. Commence to 
draw the stress diagram 
from the foot of the knee 
brace. This joint is named 
as AVK. We know KA 
which is the reaction on 
the column and it has been 
plotted on the load line, 
and the stress on the 
member AV is equal to the 
left reaction as the member 
AV is part of a column itself, hence the letter v is to coincide with the 
letter K. The knee brace is named as VK, consequently this member 
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VE has no stress* Then go to the next joint on the top of the column 
and this joint is named AB^ BU, UV. VA^ clockwise, out of these AB 
is plotted already and from b draw a line parallel to BI7 and from v 
draw a line u v parallel to UV> both will intersect at u in the stress 
diagram. In the same way proceed joint by joint successively and 
there will be no difficulty in closing the figure. The stress diagram will 
be as shown in figuie 162. 

EXAMPLE 2: — In this example the same transverse bent is 
subjected to wind pressure. Columns are assumed to be hinged at 
bottom. Determine the stresses in all the members graphically. 


SOLUTION: — Wind pressure is acting on the side and as well as 
on the slope of thereof truss normally, in this case the column is 
subjected to direct stress and as well as bending moment. Unless we 
truss these columns the stresses on these cannot be statically deter- 
mined. The usual assumption in these cases is that the horizontal 
components H and Hi of the reactions at the feet of the columns are 


W 


equal to each other and each is equal to where Ws^the horizontal 


component of the resultant of the external loads as you will observe 
presently in fig. 164. 

Now get the line of action of the resultant of the wind pressure 
as follows: — Plot these loads from AB to GH as shown in small letters 
o to A in fig. 164. The line of action of the resultant of the loads acting 
on the rafter of the roof truss is exactly at the centre of that rafter 
and this is represented by chain dotted line in fig, 163, The line of 
action of the resultant of the loads acting on the side of the column, 
determine it by the polar diagram and the corresponding link polygon 
as shown in the same figure. Let these two resultants meet at Q, 
The final resultant is a A, and this gives you the direction as well as 
its magnitude. Through the point Q draw this final resultant parallel 
to o A of fig. 164. 

Then you are to determine the vertical components of the 
reactions at the feet of the columns. To find V take the foot of the 

p y j/ 

right column as moment centre, then R x d' =. V x 40 V ““Jq" ' Iii 

10*25 X 2*5 

this example R=i 10-26 tons; d' = 2'5'. Vs* — =’64 tons. Again 


Rxd 10*25 X 18 
40~ ^ 


4*61 tons. HssH] as assumed above. Plot 
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those values of VH and V* H* at the feet of the columns and get the 
magnitudes and directions of reactions as shown in fig. 163. These 
two reactions and the final resultant of the external loads meet at 
point This is a clear proof to show that our assumptions are 
correct. 



Stress diagram.-^See fig. 164. Resolve the final resultant a h 
parallel to two reactions HK and KA of fig. 163. Now commence 
from the foot of the left column. The forces acting at this point 
are KA, AB, BZ and ZK out of these we know KA, AB and deter- 
mine BZ and ZK by drawing parallels from points & and k of fig. 
164. The next joint is the apex of the imaginary truss, the polygon 
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for this isb c g 2 . These are represented in dotted in fig. 1 64. The 
third joint is at the foot of the knee brace the polygon for this is 
z g X k. The next joint, that is, the fourth is at the shoe of the main 
truss, here there are six forces acting ; out of these we know four 
forces already viz. XY, YC, CD, DE and only EW and WX are to 
be determined. These you can determine by drawing lines parallel 
to these in figure 164. Similarly proceed on. and complete the 
stress diagram as shown in figure 164. 

Tho maximum shear in the leeward column below the knee 
brace is Hi=4'4tons. above the knee brace is equal to the vertical 
component of the stress of the member KN~Hi—16‘00 — 4'40ssl6 6 
tons. The maximum moment occurs at the foot of the brace and 
is H, X 15=4*4 X 15 = 66 00 tons feet. 

EXAMPLE 3 :--The same transverse bent is taken with the 
usual normal wind pressure, but columns fixed at base Determine 
the stresses of all the members graphically. 





SOLUTION ?- 

Columns fixed at 
base. The usual 
assumption is to 
take the point 
of contraflexure 
midway between 
the foot of the 
knee barce and the 
base of the column. 
Considering the 
column as hinged 
at the point of con- 
traflexure, wind 
pressure is to be 
taken into account 
above this point, 
and draw the stress 
diagram as done in 
example 2. Get the 
line of action of 
the final resultant 
of the external 
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loads and caloalate V and Vf. HsaHi as nsual. In this example final 
resultant Ra:8'25. Taking moment centre at the points of contraflexare, 


Rxd' 8 25x11-6 


40 


40 


.2 37; V‘=: 


Rxd_8 25x 15. 
40 40 


.3 18. Plot these 


values of V, H and V' H' at the points of contraflexure then yon get 
the magnitndes and directions of reactions as shown in fig. 165. As 
usual get the resultant ah oi figure 166 resolved parallel to the 
directions of reactions as A and k a. Now proceed to draw the stress 
diagram from the contraflexure point of the windward column. KA, 
AB, BZ and ZK are the mames of forces acting at that joint; out of 
these EA, AB are known to you, BZ and ZK are the only two 
unknowns and by drawing parallels to those members iu figure 166, 
complete that joint as shown. Similarly proceed in the serial order 
joint by joint and complete the stress diagram as shown in figure 166, 


The maximum shear in the leeward column below the knee brace 
is H*=3*l tons, above the knee brace is equal to the vertical component 
of the stress of the member KN--Hi=a>7-8— 3*l = 4-7 tons. The maximum 
positive moment occurs at the foot of the knee brace=Hi x 7-5sa23'25 
tons feet ; and negative moment at the foot of the columns Hi x 7*5 ss 
23-25 tons feet. 


EXAMPLE 4:— Transverse bent, column hinged at base subjected 
to both wind and dead loads. Determine the stresses in all the 
members. 


SOLUTIOK:— Get the line of action of the final resultant as 
follow8:-»Plot the wind loads ABGD acting on the sides first, see fig. 
168 and with the help of polar diagram and link polygon get the line 
of action of the resultant of this system of loads; then plot the wind 
loads acting normally on the slope of the roof truss in continuation of 
the above wind loads and the line of action of the resultant acts at 
the centre point of the rafter; let these two resultants intersect at 1; 
through 1 draw a line parallel to A A of figure 168 which is the resul- 
tant of the total wind load. Lastly plot all the dead loads in c(mti 
nuation with the wind loads as shown in figure 168, the line of action 
of the resultant of the dead loads only must act through the ridge 
vertically down, draw this and get it intersected at 2 with the wind 
load resultant, and through this point 2 the line of action of the final 
resultant which is equal to A M of figure 168 must pass. 
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Caleulate V, H and V'H' as done previously and gel the magni' 
tndes and directiona of reactions ; resolve the final resultant AM of 
figure 168 parallel to the reactions found and proceed with the stress 
diagram from the base of the windward column. 

N6te'.--ln figure 168 dead and wind loads are combined for their 
reiultants and for the detail description of this process refer figure 
27. Parti. 

The ma3(imum shear below the knee brace in the leeward Qolamn 



OflAf. VIIL 


TBANSVEBSE BBIfTS. 


109 


is eqaal to Hf =4-5 tons, above tbe knee brace is 18*5— 4*5^14 tons; 
the maximnm moment occnrs at tbe foot of the knee brace an 1 is H* X 
15s4'5x 15'=67*5 tons feet. 

BZAKPLB 6:— Same transverse bent with normal wind loads and 
vertical dead loads is illustrated in figure 169, bat columns fixed at 
base. The procedure is same as above but the base of the oulumn 
moved up to the point of contrafiexture, fig. 179 shows the stress 
diagram* 


'\ J 



The maximum shear in the leeward column below the knee brace 
is 3 tonsj above the knee brace 8— 3 =-5 tons ; the maximum positive 
moment occurs at the foot of the knee brace and is equal to 5 x 5ss25 
tons feet. The negative moment occurs at the foot of the column which 
is equal to 8 x 7-5=22*5 tons feet. 



Chapter IX. 


PORTALS, 

In through type Railway and High way stool bridges, the end 
posts with their top bracings are known as portals, see figure 71 
Plate III, Very commonly in bridges those end posts are sloping 
parallel members. Portals are also frequently used on the sides of Mill 
Buildings for vertical columns or posts. These portals are most commonly 
to resist the horizontal wind pressure. The most usual forms of portals 
used in bridges and buildings are shown in the following pages.— - 

SIMPLE PORTAL (OF DIAGONAL RRACINGS ) WITH 
COLUMNS HINGED AT BOTTOM. 



Figure 171 shows a simple 
portal with bracings diagonally. 
Columns are assumed to be hinged 
at bottom, and the wind pressure is 
taken acting horizontally on the 
right hand top joint. The magnitude 
of the wind pressure in all the follo- 
wing examples is taken to be 2 tons. 
The following reasonings are to be 
made in working out these portals,— 
The external load AB tries to pull 
the right column out and push in the 
left column and consequently there 
should exist, forces V and V', one 
acting downwards and another up- 
wards as shown in the diagram. Also 
each column is assumed to deflect 
towards left equally and there should 
exist two horizontal forces H and H' 


and sum of these must be equal to the external force AB. 

The columns are assumed to deflect equally for the reason that 
the diagonal bracings are assumed to be incompressible. 

Now with equal defflections of the columns we have reason to 
AB 

beleive thatHssHi — and then follows naturally that VssVi and the 
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magnitude of each can be determined bj selecting the moment centre 
at one end of the base of oolnmn. Selecting the left bottom end of the 

2 30 

column as moment centre we have V x 18 — AB x 30a0 .*. V=s - - ^ s= 

^=3*33 tons. Similarly or 3*33 tons. ton. 

o o 2 

Again the structure is in equilibrium under the action of all the 
above forces namely AB, H, Hi V and V^. There are only two 
supporting points and one external load, the two reactions and this 
external load, should meet at a point. The resultant of H and V is R 
and of II' and V' is R'. If these two reactions are produced they will 
meet at P exactly at the mid point of the topmost inomber of the portal 
frame and the external load AB also meets this point P if produced. 

These portals are all difficiont frames and fall short of two 
members to make the frames sufficient, and moreover the columns 
are not braced and consiqucnlly the stresses in the members cannot bo 
statically dotormined unless we add an imaginary trussed frame work 
to each column as shown in dotted in tho figure. These trussed frames 
do not effect the magnitudes of the stresses of the existing members 
and can help us in determining the stresses graphically, columns will 
have to resist the bending moment and shear in addition to the direct 
stresses. ( See, Eetchum’s hand book. ) 

Instruction:— Plot the external force A B to some suitable scale 
and parallel to it. The next two forces are BO and OA which are 
nothing but the reactions H and Draw from the point h a line h c 
parallel to R and c a parallel to R' and complete the force triangle 
a b c in the stress diagram. Then proceed as usual from the left base 
of the column and upwards in the order just as you draw stress dia« 
grams for roof trusses or girders. For instance the forces that are 
acting at the left column base are CAi AD, DC and drawing parallel 
to these forces you get the force triangle cad. Similarly proceed 
fuithor and complete the stress diagram as shown. 

( i ) There are two diagonal braces and it will be most 
economical to allow them to take up only tension and in that case only 
ono member will act. For a force AB acting at the top joint tho dia- 
gonal represented in doited line does not act at all, for the reason that 
it is subjected to a compressive stress for that poisition of the load AB 
and consequently it yields and does not resist the compressive force, 
then the diagonal shown in firm line comos into action and ro&ists the 
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tensile stress. Therefore only the disgonal shown in firm line is lettered, 
and is taken into account in stress diagram. 

( ii ) The direct stresses in the columns are Y and Y* bat in the 
stress diagram we get a little more than doable of vandv' and also the 
stresses in the top portions of the culamns EF and GH are actoally 
zero, bat we get great amount of stresses as shown in dotted lines against 
these members for the reason of adding imaginary trussed frames. 

The direct stresses in the calamus are equal to the vertical com* 
ponents of the reactions R and B' but the stresses in the top panel lengths 
of the columns ( v t «. in EF and GH ) are neutralized by the vertical com* 
ponentofthe stressof the diagonal member FG and this is equal to Y or 

The maximum bending moment in the column occars at the foot 
of the diagonal bracing and is equal to H multiplied by 22'— 6", which 
is equal to 22‘5 tons feet; since Ha H' = l ton. Bending moment at 
bottom and top of the column is zero. 

Shear from the base of the column to 22*5' is equal to H' = 1 ton 
and from 22*5 to 30' a the stress in FO — H'a4 — la3 tons. 

Students are advised to study carefully the above reasonings as 
these are applicable generally for the portals with hinged end columns. 

SIMPLE PORTAL ( OF DIAGONAL BRACINGS ) 

COLUMNS FIXED AT BASE 




tons. QaH' 



When the columns are fixed at 
bottom the points of contraflexure may 
be taken approximately, as midway 
between the lower edge of the portal 
and the base of each of the columns, 
that is at 11'— 3" from the base. Now 
consider the columns hinged at the 
points of contraflexure, calculate the 
forces V, V', H and H' and apply them 
at these points and proceed with the 
stress diagram as in the previous case. 
To calculate Y take moment centre on 
the left column at the point of contra- 
flexure, then Vx 18— ABx 18-75-0. 
. 2x18 75 


18 


2*08 tons. V'-2‘08 
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Bendisg moment at the base of the column and at the lower edge of 
the portal is equal to H X 11*25' s 11*25 tons feet; at the point of contra* 
flexture and at the top of the column bending moment is equal to zero. 

The shear from the base of the column to the lower edge of the 
portal is equal to flaal ton^ and from the lower edge of the portal to 
the top is equal to the stress in the member FC — Hs2*5— Is 1*5 tons. 



SIMPLE PORTAL 

(SINGLE SYSTEM WARREN GIRDER TYPE ) 
COLUMNS HINGED. 

As before calculate V, V', H and H' 
and draw the stress diagram as in the first 
example fig. 171. Bending moment for the 
column is the same as calculated for fig. 171 
but shear is equal to Hal ton from the base 
of the column to the lower edge of the portal; 
and from the lower edge of the portal to the 
top ( is equal to the sum of the stress in the 
member GC and the horizontal conponent of 
the stress of the member FG ) — H^ =b 2-1-2 — 
la 3 tons. 


SIMPLE PORTAL ( SINGLE SYSTEM WARREN GIRDER TYPE ) 
COLUMNS FIXED. 



!\ /:\ /: 

e\f 


15 


When the columns are fixed the point 
of contra-flexure of each column is usually 
taken at midway between the base of columii 
and lower edge of the portal. As usual V s 
V' =5 2*08 tons and HaH'al ton. Stress 
diagram may be drawn similar to the figure 
172. 

Bending moment at the base of the 
column and also at the lower edge of the 
portal = H' X 11*25'= 1 1*25 tons feet^ but at the 
point of contra-flexure and at the top comer 
of the portals zero. 

The shearing force from the base of 
the column to the lowor edge of the portal 
is equal to H'al ton, and from the lowor 
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edge of the portal to top corner of the same, the shear is equal to sum 
of the stress in the member GO and the horizontal component of the 
stress of the member PG— H' = { ( 1*25 + 1‘25 ) — 1 } = 1*50 tons. 

SIMPLE PORTAL ( DOUBLE SYSTEM WARREN GIRDER TYPE ) 
(COLUMNS HINGED.) 

Instruction.~Calculate V, V', H, H', 
and draw the force triangle a b c for the 
three known forces AB, R and R' as usual, the 
stresses in the members of the imaginary 
trussed frame work, and the ditect stress in 
the leeward column can also be drawn with- 
out any further difficulty. After determining 
the letter e in the stress diagram you cannot 
proceed further in determining the stresses in 
the portal, as every joint has three unknowns. 

This difficulty can be overcome by two 
methods. ( I ) By separating the portals into 
two portals with simple bracing ( as worked 
previously for double system Warren Girder 
fig. 74 page 58 ) taking ^ of the external 
load AB the stresses may be found separately, 
and then combined algebraically to give the 
stresses in the portals. ( II ) One combined 
diagram can be drawn knowing the stress of 
the end vertical EP or TU for both the system with J the load AB. 
This latter method is simpler and has been used in the following two 
examples as follows: — ( See figure 1V3 ) The stress in the end vertical 
EF for half the load AB measures 2*17 tons, and for the reversed system 
of bracing, the stress in the same vertical EF is 3*85 tons. The load 
scale for fig. 173 is l"c=8 tons, by taking AB=:1 ton, the load scale then 
becomes tons and the same stress diagram may be used to measure 
the stress in the member EF, The stress in the end vertical EF for 
both the system is equal to 2*17 + 3*85=6*02 tons. Plotting c/s=*6*02 
tons in the stress diagram of figure 175 the stresses of the other 
members in the portal can be determined as shown without any further 
difficulty. 

Bending moment at the base of the column is zero and at^the 


P* A 
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lower edge of the portal is maximam and is equal to H x 22*5=22*5 tons 
feet^ and at the top corner of the portal is equal to zero* 

Shearing force from the foot of the column to the lower edge of 
the portal is equal to H^al ton, and from this point to the top corner 
of the portal is equal to ( sum of the stress of the member HG and the 
horizontal component of the stress of the member FH )— H' = {(3 + 1) — 
IjsnS tons. The members AG and GP are connected to the top joint 
and both are in tension, the sum of the horizmtal component of the 
stress of the member PG and the tensile stress (►f the member AQ, is 
the efEective load on the top joint; and sum of these two is equal to 
2 + lsa3^ which exactly coincides with the result obtained above. 


SIMPLE PORTAL ( DOUBLE SYSTEM WARREN GIRDER TYPE ) 
( COLUMNS FIXED ) 


Here, columns are fixed, and take the 
point of contra-flexure of each column at 
midway between the base of column and 
lower edge of the portal. Then calculate'Y, 
V', H and H' and proceed in the same way 
as in the previous case. Calculate the stress 
in the end vertical EP of fig. 174 for both 
the systems of bracing by taking J of the 
given load AB. The total stress in the end 
vertical EP for both the system is 1*1 plus 
2*125=3 8*225 or say 3*23 tons. Plotting this 
in the diagram of figure 176 the stress 
diagram can be completed as shown. 

The maximum bending moment occurs 
at two points, one at base of the column and 
another at the lower edge of the portal and is equal to H' x 1 1*25 = 1 1*25 
tons feet, and zero beading moment at the point of contraflexure and 
at top of portal corner. 






Shear is eqoal to H'=:l ton from the base of the column to- the 
lower edge of the portal and from this point to the top is eqnal to the 
( sum of the stress of the member HO and the horizontal component of , 
the stress of the member FH ) — H' = ( 1*75 + '75 ) — 1= 1*5 tons. 
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This is generally known as A Type 
Portal The additional members shown 
dotted are not stressed^ and in the stress 
diagram all the letters connected to 
these members^ coincide in one point. 
The bending moment will be a maximum 
at the foot of the knee brace and is 
equal to H" X 20':= 20 tons feet, and at 
the base of the column and at top 
corner of the portal, bending moment 
is aero. Shear from the base of the 
column to the foot of the knee brace is 
H' » I ton, and from the foot of the knee 
brace to the top corner of the portal is 
equal to the horizontal component of the 
stress of the member of FC -n' = 3*25~“ 
lcai2*25 tons. 



SIMPLE PORTAL WITH KNEE BRACINGS. 
COLUMNS FIXED. 



• % / 1 ' / • 


The point of contra-flexure is at midway 
between the base of the column and the foot 
of the knee brace. Calculate as usual V, V% 
H and H' and draw the stress diagram and 
complete it as shown. Bending moment will 
be maximum at the base of the column and 
at the foot of the knee brace, and zero at the 
point of contra-flexure and at the top corner 
of the portal. Shear is as usual from the 
base of the column to the foot of the knee 
brace equal to ton, and from the foot 

of the knee brace to the top, is equal to the 
horizontal component of the stress of the 
knee brace — H'=s; 2—1 ton. 
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FBAMED PORTAL WITH KNEE BRACINGS 
COLUMNS HINOEa 

There is no difficulty in following this 
portal} as the manner of proceduie is the 
same as adopted in previous examples. It is 
to be noted that end verticals EF} EG} QO 
and QP of the portal are stressed. EF is 
stressed to the amount of the vertical compo- 
nent of the stress of the knee brace FC— 

V'=5j*j— 8}=s 1*75 tons tension. Similarly 
QPssl*75 tons compression. Stress in EG is 
equal to the vertical component of the stress 
of the member GH=]^ tons tension, similarly 
the stress in the member QO is equal to the 
vertical component of the stress of the 
member NO= If tons compression. 

Bending moment at the foot of the knee 
brace is maximum and is equal to H' x20= 

20 tons feet, and at the base of the column 
and top corner of portal is zero. Shear at 
the base as usual is equal to = 1 ton from the base of the column to 
the foot of the knee brace / and from the knee brace to the top comer 
of the portal} is equal to the horizontal component of the stress of the 
member FG minus — laa2 tons. 
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FRAMED PORTAL WITH KNEE BRACINGS 
COLUMNS FIXED. 

Figure 180 shows the frame and stress 
diagrams for the framed portal with oolamna 
fixed, and needs no explanation and can be 
followed easily. 
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PORTAL ( PLATE GIRDER TYPE ) 
( COLUMNS HINGED ) 



All the three members in 
this portal are subjected to 
direct stress as well as bending 
moment and shear. As this is 
not a framed portal we cannot 
get the stress by graphic 
method, but we can determine 
the flange stress of the girder 
by the method of section. See 
Chapter III Part I, 


It is clear from the diagram that the bending moment will be the 
greatest at points G and P and naturally the flange stress also should 
be greatest. Now let us take three sections S S, Si Si, S 2 S 2 , at the left 
end, centre, and right end of the girder respectively as shown. Take 
section S S, let the portion to the right of the section be removed, and 
take G as moment centre, then upper flange stress x 5 — H' x 25 

I X 25 

Upper flange stress at this section is equal to — ^ — =5 tons. At 


section Si Si, selecting moment centre at the centre of bottom flange Ti(a 
get, upper flange stress X 5+V'x 9— H'x 25" 0. Upper flange stress 

at this section = — ^ ^ ^ ^ — 1 ton. At section S 2 , and 

5 o 


removing the portion to the right of the section and selecting F as 

H' X 25 — *‘^x 18 

moment centre, the upper flange stress at this section" g-A a 


-35 


" — 7 tons. 


Similarly lower flange stresses at these three sections 
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taking momeat centres at the upper flang we have as follows:— at 
section S S =s — g — = 6 tons; at section Si Si = g — ® = 0 and at 

section 82 82 — ^ ^ ^ Shear in the girder is'eqnal 

d 

to V or V'sssSJ tons. 


Bending moment is the greatest at G or P and is equal to H X 25 as 
25 tons feet, and shear is as usual aaH=: i ton. These diagrams are 
drawn to the scale in the figure for verification. 


PORTAL ( PLATE GIRDER TYPE ) 
COLUMNS FIXED. 



Here the point of con- 
tra-flexure is at mid point 
between the base of the 
column and lower flange 
of the cross girder. By 
calculation we get Va* V' as 
1*944 tons HasH'aalton 
as usualf External force 
AB = 2 tons. Upper flange 
stresses at these three 
sections are-2*5,+*99 end 
4 5 tons respectively. 

Lower flange stress at 
these three sections are + 
3*5, 0 and — 3*5 tons 

respectively. 


Shear is as usual equal to ¥=1*94 tons throughout. Bending 
moment and shear for the columns are as shown in the diagram. 
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PORTAL ( BEAM WITH KNEE BRACING ) 
COLUMNS HINGED. 


The direct stresses on 
the members of this portal 
cannot be determined 
statically and can only bo 
found by the method of 
section To know the stress 
in G D pass a section S 3 
and remove the right hand 
portion of the structure 
and select K as moment 
centre. Then stress in CD X 
6 — H'x24'a=0. .% Stress 

in CD « — - — =s 4 tons 
o 





^ 


tension. To know the 


stress in KD take moment 
centre at C. Then stress in 
K D X 4-24 - H X 30 « 0. 


Stress in KD 


1 x30 
4 24 


— 7'07 tons compression. 


m-. 





Stress in CK can be easily determined now since wo know the 
stress in KD. The stress in CKs vertical component of the stress in 
KD-V'«7*07 Sin 9-Z\ tons 9 =45° Stress in CK=7-07x ‘70711 
•“3|a»4*999— 3*333= 1*66 tons tension. 

Pass a section S' S' and remove the portion of the strnctnre to 
the left of the section. Select the moment centre at G. Now the stress 

in BFx6— ABx6— Hx24=.0. Stress in -^ =^=6 

O D 

tons compression. 

For the stress in EG take moment centre at P, then stress in EG x 

4*24— H X 30=0 /. Stress in EG=i~^^ = 7*07 tons tension. Stress in 

FGssvertical component of EG — =* 7*07 x -707 11 — 3^= 1*66 tons 
compression. 

Compression in DE is equal to the thrust in EF— the horizontal 
component of the tension in £G=6— 7 07xco3 9as6-— 4*99sal tons 
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fi. Answer, l^he direct stress in the right column is equal to Ve&3| 
tons tension and of the left oolnmnsY'sS^ tons compression. 

Columns and cross beam are subjected to bending moment and 
shear. Maximum bending moment for the column occurs at the foot of 
the knee brace and is equal to H x 24 = 2 24 tons feet, and zero at the foot 
and top corner of the portal. 

Shear from the base of the column to bottom of knee brace is 
equal to B['= 1 ton, and from the foot of knee brace to top of portal 
corner is equal to horizontal component of the stress in KD — H'a« 
4*99— *lss3*99 or 4 tons. Cross beam is assumed to be hinged at the left 
and right extreme supports, and therefore the bending moment is zero 
at those points and maximum at the top of knee braces, that is, at 
E & D. Bending moment at E=«Vx6 — IIx30«3Jx6— lx30«20— 
30s; — lO tons feet negative. Bending moment at D=r Vx 12— Hx 30ss 
3Jx 12— 1 x30sb40 — 30= 10 tons feet positive. Shear at F = V — 
vertical component of the stress in EG = 3*33— 4*99= — 1*60 tons. 
Shear from D to E= —1*66 + vertical component of the stress in 
EG= — 1*66 +4*99 = 3*33 = V. Ans. Shear at C is the same as at P, 
These are shown diagrammatically in the figure. 


PORTAL ( BEAM WITH KNEE BRACINGS ) 
COLUMNS FIXED. 



2s}^ 

TtSSi '-pm 

X /». 

take moment centre at K. Then 
in CD = s; 2 tons tensioia 


The working method 
of this is the same as in the 
previous example, and the 
only difference is, that Q, H' 
V & V' are taken at the po- 
ints of contra-flexure. Taki- 
ng the point of contraflexure 
on the left column as moment 
centre, calculate V as 
follows:— V X 18- AB X 18=0 

V*?^-® = 2ton8. /.V* 

V's=2 tons. H = H'sIton. 

Take section SS to 
know the stress in CD, and 
stress in CDx6-Hx12skO. Stress 


16 
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Taking moment centre at C, stress in KDx4‘24— Hx iSasO; 
18 

ED 4*24 compression. Stress in CEsvertical component of 

the stress in ED— V' = 4*24x *70711-2= 2*99— 2=‘90 ton tension. 

Similarly stress in EG =4*24 tons tension, and FGs*99 compre* 
ssion. At section Si St the stress in EFx6 — ABx6— Hxl2=0. 
2x6 + 12 24 

.*. EP = B— — = — s 4 tons compression. Direct stress in DE = stress 

0 0 

in EF— horizontal component of the tension EG = 4— 4*24 x *70711 =4— 
2*998 = 1'002 or say 1 ton, which is equal to H or H'. Bending moment, 
and shear for the columns and beam are shown in the figure. 

Stresses in the members of portal frames can be easily 
determined either by graphical methods or by moments for horizontal 
loads, and for vertical loads on the portals, a knowledge dealing with 
the theory of two hinged arches is obsolutely necessary, and hence the 
students may refer to “The Further Problems in the Theory and 
Design of Stuctures by Andrews". 



Chapter X. 


ARCHES, 

Arches are generally used for bridges and buildings ; where a 
large span roof and greater head room is required, such as in 
exhibition buildings, markets, railway platforms etc, Three Hinged 
Arches are used. The general classification of arches is as follows.— 
Masonry arches, Metal Arches, and Reinforced concrete arches. 
Masonry and Metal arches are dealt with in this volume. Reinforced 
concrete arches will be treated in the third volume later on, 

MASONRY ARCHES. 

Arches that are built up of stones^ concrete or bricks are known as 
Masonry arches. Arches generally do not have vertical reactions even 
for vertical loads. This is obvious by looking at the figure 185. This 
arch is divided into 5 equal parts and the area of each, considered as 
a load acting at its centre of gravity. Owing to these loads the arch 
as a whole tries to spread itself horizontally, and the side walla or 
abutments are to resist this spreading action of the arch, and hence 
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there should exist horizontal force at each end of the arch. There 
should exist vertical forces as well at each end, and sum of these two 
vertical forces must be equal to the total load of the arch. This is an 
established fact that, whether the loadtf^n the arch be symmetrical or 
un symmetrical, the horizontal thrust at one end must be equal to the 
horizontal thrust at the other end of the arch. At the resting point 
viz. at the springing of the arch therefore, there are two forces one 
horizontal and another vertical ; the resultant of these two forces is 
the reaction of the arch at that point. 

For equilibrium of the arch two reactions and the resultant of the 
external loads viz. tho loads on the arch must meet at a point, and a 
force triangle a f g may be drawn as shown in the diagram. Without 
determining the horizontal force we cannot find the direction and 
magnitude of the reaction. Hence it is obsolutely necessary to find 
out the horizontal force in determining the stability and also the curve 
of equilibrium of the arch. 

The following conditions of equilibrium are to be known before 
proceeding to discuss the theory of arch : — 

( I ) Sum of all the horizontal components of forces must be 
equal to zero, 

(II) Sura of all the veitical components of forces must be 
equal to zero. 

( III ) Sura of the moments of all the forces about any point must 
be equal to zero. 

Now tato one dimensioned masonry arch, and find out the hori- 
zontal thrust. ( Seo figure 186. ) Take the section exactly at crown and 
remove the right hand portion of the arch, and keep the left hand 
portion of the arch in equilibrium by providing a force horizontally 
at the centre line of the arch at crown. 

( The student should understand that at crown is perfectly 
horizontal, because the stiess in curved member of a structure alwaya 
tries to travel in a straight line, and hence the stress at any point in 
the curved member is tangential to that point ). The weight of each 
division of the arch is taken to be 4 cwta approximately. 

The line of action of the resultant for the loads to left of the 
section is determined by polar and equilibrium polygon as shown^ and 
its magnitude is 10 ewts. and call this as W. 
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V — V* = 10 cwts as the loads are symmetrical, and H must be 
equal to H* whether the loads are symmetrical or unsymmetrical j 
the truth of this you will see very soon. 

Now take the moment centre on the centre line of the arch at 

crown. Then-Wx3-Hx2| + Vx5^-0 ; - H- 

-^9*09 cwts. Combining this H and V for their resultant you get 
the magnitude and direction of the reaction of the arch as shown. 

Now it can easily be proved that Hi — Hg by taking moment 
centre on the centre line of the arch at springing, -HsjX2J + 

W x2ff«0 ; /.Hg— - - — 9’09, this is the same as H. 

2i 

The above result may be easily obtained by graphical method as 
follows : — The horizontal thrust at crown and the resultant load W 
intersect at P and the reaction at the springing muse also meet at 
P. Out of these three forces we know W in magnitude, and Hg 
and R known only in directions, and a force triangle it e Oi deter- 
mines the magnitudes of these two unknowns as shown in the 
diagram. Since the loads are symmetrical R— Ri. The horizontal 
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components of R and Ri are equal to Hg, tlierefore and 

Hg is common to both R and Rj ; hence this is an established fact 
that the horizontal components of any two sides of a force triangle 
( whether the sides equal or unequal ) are equal to each other. 
Now a Oi c is the polar diagram and a corresponding equilibriiiin 
polygon exactly coincides with the centre line of the arch. This 
equilibrium polygon is known as the Curve of Equilibrium or the 
Linear Arch. 

In masonry structures tension is not at all allowed in any 
section, and if the resultant load falls within the middle third at 
any section, the whole section is subjected to compression only, 
and care must be taken that the maximum compression should not 
exceed the limit of safety Hence the curve of equilibrium or the 
linear arch should also be within the middle third of the arch ring. 
In this example the curve of equilibrium exactly coincides with the 
centre line of the arch ring and the arcii is safe. 

ARCH WITH UNSYMMETRICAL LOADING. 

Pig. 187, shows the segmental arch of 10 feet span, rise 2| feet, 
thickness of arch ring 15 inches. In addi ion to the dead load a 
train load of 10 tons per foot run is allowed up to half of the span 
only, ( This is considered to be the worst position of the load 
for arches ). As usual divide the loaded area into any number of 
equal parts^ say six parts and calculate the load taking only a 
foot in length of the arch. Now the loads are known and plot 
them on to any suitable scale as shown. The thrust at crown is 
not horizontal for unsy mraetrical loads. By drawing the curve of 
equilibrium we can know the horizontal thrusts at the supports , 
the curve of equilibrium should fall within the boundary of the 
arch ring and preferably within the middle third of the same. 

Select any three points within the middle third of the arch ring, 
two at the supports and one at the crown, say at the centre line of 
the arch at ‘.KLM. Now an equilibrium polygon is to be drawn 
passing through these three points. ( See fig. 18 part I ). Select 
any pole O and complete the polar diagram. Then draw the 
corresponding equilibrium polygon commencing from the point 
K as shown ; K 1 is the closing line for left half of the load, and 
K 2 for all the loads, and from pole O draw lines O 1 and O 2 
parallel to these two closing lines. 
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( Tho closing line of the eqailibriain polygon is familiar to the 
students at this stage ). The points 1 and 2 on the load line do not 
change their positions by changing the pole distance. You want the 
equilibrium polygon to pass through KLM and not K 1 2, therefore 
join KL, KM and draw 1—0/ 2—0', from the points 1 and 2 in the 
load line parallel to KL and KM respectively, then 0' is the real pole, 
and 2—0' is the magnitude of the horizontal thrust at the supports. 
As usual draw the equilibrium polygon from tho point K and you will 
observe the curve of equilibrium passes through the selocted points 
KLM. a o' and g o' represent the left and right reaction of the arch, 
in magnitude and direction. 

The curve of equilibrium passes at more than two points beyond 
the middle third of tho arch ring giving rise to tensional strains 
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at these points. In the next example we will find ont bending moment 
shear and thrnst in an arch. 


BENDING, MOMENT, SHEAR AND THRUST AT ANY SECTION 
OF AN ARCH. ( MASONRY OR STREEL ) ^ 

TO DETERMINE BENDING MOMENT. 


The same figure 187 is taken with its curve of equilibrium in 
figure 188 giving prominence to the centre line and the line of press- 
ure. If the line of pretsure coincide with the centre line of the arch, 
there will not be any bending moment, but in this figure the line of 
pressure is away from the centre line and the arch is to resist the ben- 
ding moment. 
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Now take any point P in the centre line of the arch, the bending 
moment at this point is equal to the intercept Q 3 multiplied by the 
pole distance minus H multiplied by PS. Then B. M. at Ps 
H^xQ S-HxP S.s=-UxPQ. Here = Proof of this is 

very simple — The arch is considered to be, a bent beam with vertical 
loads, and for these loads the bending moment diagram is the funicular 
polygon K L M K drawn from polar diagram a g o' i but at the suppor- 
ting points of this bent beam there are horizontal thrusts H and 
which will reduce the bending moment caused by the vertical loads, as 
it is clear from the diagram, and this horizontal thrust is equal to pole 
distance 'EL". 

Therefore the bending moment at any point in an arch is equal 
to the intercept between the centre line of the arch and the line of 
pressure multiplied by the horizontal thrust. 


DETERMINATION OF THRUST AND SHEAR AT POINT P. 

To determine the thrust, and shear at the point P, proceed as 
follows — Resolve the corresponding thrust o' e (in the field E ) tang- 
ential and perpendicular to the given point P. The former represents 
the thrust, and the latter shear at the point P, and they measure to the 
scale 51 and 5 cwts. respectively. 


MAXIMUM GOMPHESSION AND TENSION AT THE SECTION P. 


The thickness of arch is T — 3" and a length of one foot is to 
be taken longitudinally for calculation as usual. Now maximum com- 


pressions.-^ — + 


Thrust Bending moment 


— . Here thrust =5 1 cwt. or 2*55 tons. 


Area Section Modulus 
Area=:l*25 bending momenta •4x 50«20 0 cwt. foot (p 1*00 ton 

foot, Section modulus = =sL|^ = *26. 

o o 

2*55 I’OO 

Maximam compressions =* 2*04 + 3 84 = 5*88 tons 


. Bendinff moment Thrust 1*00 2*£ 

per Maximum tension =s - — ^ ; -• r- 

Section modulus Area ‘2o I'i 

3*84— 2‘04ss 1'8U tons tension per 


25 


The thrust has nothing to do on the cross sectional area at that 
point when finding maximum tensile stress, and hence we have deducts 1 
that from the equation. 

17 
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Mean shear at the section aa =s74RCWts. or -r^ ton or *2 ton 

Area 1*25 1’25 

per 

jNbte:— Tension is not allowed at any section in the arch ring and 
since we get 1*80 tons per the depth of the arch ring is to be increa- 
sed to 18" which reduces the tension to less than a ton which is negli- 
giblo and the arch is safe. 

Metal arches. 

Metal arches cannot have both ends fixed at the supports and if 
fixed^ the direction and magnitude of reaction cannot be determined 
statically, owing to the fact that these arches expand and contract to 
a very appreciable extent during hot and cold seasons. Fixed end 
means, that thoir expansion and contraction are checked, and hence we 
cannot correctly determine the stresses or tho magnitudes and directions 
of reactions, unless we go into the theory of elasticity of the material of 
which the arch is composed. An arch of stone or brick is an une^stic 
one, and is subjected to the direct compression only at any section of it, 
and the line of pressuie to be within tho middle third of the arch ring. 
The theory therefore applied to the masonry arches is not applicable to 
metal arches which are capable of resisting bending, direct compression 
or tension, shear, and therefore tho line of pressure may go outside tho 
section as well. 


THREE HINGED ARCHES. 

The directions and magnitudes of reactions of metal arches can 
be very easily detiermined accurately by providing hinges at the 
supports and crowns. These are known as Three Hinged Arches. 
There are however Two Hingod and One Hinged Arches also, but for 
tho present, three Hinged Arches are dealt with here. In Three 
Hinged Arches the line of pressure or the curve of equilibrium must 
pass through these hinged joints, you know that they cannot resist any 
bending moment and you will observe this in figure 189. 

The span of this arch is 50 feet and rise 12' — 6", hinged at the 
supports and at crown. The load of 20 tons is carried at the crown. 
The arch as a whole is in equilibrium under the action of three forces 
namely, the external load at crown and tho reactions at the two supports. 
Since the three forces koep a structuie in equilibrium they all must 
meet at a point, therefore tho two reactions 11 and R' should meet any- 
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whero on tho load Imo AB, The determination of the meeting point is 
as follows. 



In this arch, there are two curved members left and right, hinged 
at bottom and at crown, and you know the stresses do not travel 
through the centre linos of the curved members, but pass tangential to 
the curvature The lines shown dotted drawn from the hinges at the 
supports to the crown hinge, are parallel to the tangential lines from 
mid points of these two curved members, and hence the direction of 
reaction at the supports must bo along with tliese. 

( 2 ) The two reactions at the supports have their corresponding 
components H, V and H' V'. Taking the crown hinge as moment 

centre we have— Vi x g == — Hi x D, 


substituting the value of Vi in the above equation ( tan we have, 

tan So— rHiss-^-. Therefore w'hich is tho resultant of Hi and 


Vi must pass through the crown hinge. Similar reasonings for the left 
reaction. 


Linear Arch or the Curve of Equilibrium:— Plot the load AB at 
the crown to some suitabe scale and draw the force triangle a 6 c. 
Now 1 — 2 — 3 is the Linear Arch or Curve of Equilibrium, 
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Determination of Bending Moment, Shear, and Thrust at any 
point in the arch:— For example select some three points on this arch, 
say one at the left supporting hinge and two others at points P and Q. 
The thrust at the hinge is equal to c c which is drawn tangential to that 
point from the polar diagram ah c, and c a is the shear which is drawn 
at right angle to c c from the point a. Since there is no intercept from 
the centre line of the arch to the linear arch at this point, the bending 
moment is zero For proof see 6g. 188 and page 129. 

Bending moment at P is equal to the intercept PR multiplied by 
the pole distance H 2 . The thrust is equal to c a which is drawn tangen- 
tial to the point P* There is no shearing force at this point, because the 
tangential line coincides with the ray of the linear arch. Again the 
bending moment at Q is equal to the intercept QS multiplied by H 2 ; 
the thrust is equal to c/ drawn from c tango itial to Q and shear is 
equal to a / which is drawn perpendicular to c/ from a. 

jNb(c:— The reason of taking the ray c a of the polar diagram for 
knowing the thrust, shear and bending moment of the points 1, P and 
Q is as follows — The polar diagram contains only two rays c a and c 
and naturally the linear arch or the curve of equilibrium must contain 
also two rays 1 — 2 and 2—3 drawn parallel to two rays c a, and c &. 
Therefore c a represents the greatest thrust in the left half of the arch 
and c ft to the right half of the arch. If the points are selected on the 
right half of the arch, the ray c 6 is to be considered to calculate thrust 
and shear. Polar distance H isemraon to both. Here V = V' and 
V— W’=jf h and coinbinining this with the horizontal thrust H at crown 
we get the final direction of the thrust at crown parallel to h c* 

THUFuE HINGED ARCH WITH SINGLE CONCENTRATED LOAD 
ANYWHERE ON THE ARCH. 

Fig. 190 shows a load anywhere on the left half of the arch. 
Now this load is to be transferred to the nearest joints of the left half 
of the arch, just as we transfer the load to the joints of the member of a 
roof truss, if the load were to be anywhere between the joints of that 
member ( See figure 102 part I. ) 

From the diagram shown below the arch, we know that a & is to be 
taken at the left supporting hinge and & c at the crown hinge. 
(See figure, 53 page 41). Points 1 — 2 — 3 are joined by dotted lines and 
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these two lines represent tangential lines to the left and right h^f 
of the carved members. 



Now the stress diagram is drawn as nsaal. Commencing from 
the crown hinge we get bed the traingle of forces for that joint and 
by going to the left and right supported joints we get the disired figure 
ab c d a &a shown. Here <2 a is the left reaction and c d is the right 
reaction and 1 — 4— 2— 3 is the linear arch or the curve of equilibrium. 
This is the graphical way of getting the magnitudes and directions of 
reactions and the curve of equilibrium. 

Theoritically, we know that the reaction at the right supporting 
hinge must pass through the crown hinge and we have proved this 
fact in the fig. 189. By producing the reaction at the right support 
through the crown hinge and getting it intersected the given loid at 
4 the direction of the reaction at the left supporting hinge can be 
determined, as these three loads must meet at a point, 
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BENDING MOMENT, SHEAKING FORCE AND 
THRUST at any POINT. 

Now let us take any point or say at the point where the load acts 
at 5. T1 e bending moment is maximum here, which is equal to the 
ordinate 4—5 multiplied by Ha the polar distance. The thrust is equal 
to d c which is drawn tangential to the point 5, and shear is equal to a c 
which is drawn porpendicular to d e. Here V is not equal to V' and 
vertical shear at the crown is equal to V — W=/ c. Combining this 
with the horizontal thrust at crown we get the direction of the thrust 
at crown which is the same as c d . 

Note : — ( 1 ) There will be naturally some doubt in the minds of the 
students for having selected the ray d a in the polar diagram to deter- 
mine the thrust and shear at the point 5 in this arch, point 5 is exactly 
down'at the intersection of the two rays a d and d c and the thrust 
and shear at that point may as well be determined from the ray d c 
instead of the ray a d, but the tangential and perpendicular components 
if were to be drawn to the point 5 from the ray d c, the results fall very 
much short of the values got from the ray a d, hence the ray a d has 
been selected to determine the maximum thrust and shear at the point 
5 in the arch 

(2) The determination of the Bending Moment, Shear and Thrust 
for any point between the left supporting hinge ond point 5, the ray a d 
is to be selected and resolved, and similarly the ray c d is to be taken 
for resolution to determine the bending moment, shearing force and 
thrust for any point or points between the point 5 and the right 
supporting hinge, 

THREE HINGED ARCH WITH SYMMETRICAL LOADING. 

In three hinged arches, the linear arch or the curve of equilibrium 
must pass through tin ee hinges. By somehow or other if we succeed 
to draw the equilibrium polygon passing through these three given 
points or hinges wo v;ill be able to determine, the magnitudes and 
directions of reactions, horizontal and vertical thrusts at the supports. 
Bending moment, shearing force and thrust at any point in the arch 
naturally follow as shown in previous two examples. 

Fig. 191 shows a three hinged arch of 100 feet span and a rise of 
25' with uniformly distributed loading of one ton per foot run. Divide 
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the load into any number of equal parts and plot the loads to a suitable 
scale as shown. Take any pole 0' and draw the equilibrium polygon 
as shown from the left supporting hinge, P Q' R' is the polygon, but 
polygon is to pass through three hinges named P Q R. Refer example 
5, figure 21 Part I and get the desired pole distance H graphically as 
shown in figure (6) here, or by calculati n as follows:— H: y and 

from this the required polar distance can be determined thus:— Hxysa 

H' X w' • H=- --^or by any of the three methods shown in part I, 

y 

may be adopted to find H. 



j?},^e:-_Iustead of going into laborious process for determining the 
real pole distance, students are advised to adopt the methods shown 
in figures 189 and 190. Here in this figure the load is distributed of 1 ton 
per foot run, and the total load is therefore 100 tons. This load of 100 
tons is to be divided proportionately over the three hinged joints P, Q, 
B. Then the joint P receives 25 tons. Q 50 tons and Li receives 25 tons. 
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Join P Q and Q R in dotted lines as shown^ and tbeae two dotted lines 
are tangential to tlie carved members as pointed out previously. These 
three loads are plotted to the load scale by naming theml— 2,2— 3, 
and 3—4, as shown in figure (c). Now going round the ridge joint we 
get the triangle of forces 2—3 — 02 which fixes the pole distance H and 
then 4—02 and O 2 — I give us the magnitudes and directions of right 
and left reactions. Finally we should fill up the loads ah, 6 0 d, 

d e, ef and/flf whithin the space 1 — 4 and draw the curve of equili- 
brium. See how simple is this. After determining the pole distance, 
the linear arch or the curve of equilibrium may be drawn as shown. 
Here the first and the last ray of the pjlar diagram represent the 
magnitude and direcion of the left and right reaction, the polar distance 
H is the horizontal thrust at each support, and half of the total load 
is equal to V=y V' as shown in the diagram. 

Bending moment at any point X is equal to the ordinate XT multi 
plied by H, the thrust is equal to OK drawn tangential to the point X 
from the ray o c, and the shear is equal to c K drawn perp: to OK. 

W 

Since V=aV' and the vertical shear at the crown 

W 

is equal to zero, because V— Hence for symmetrical loading 

the direction of the thrust at cruwn is horizontal. This horizontal 
thrust meets the two reactions at 5 and 6 which are the points in the 
W W 

lines of the resultants — and 

Z A 

THREE HINGED ARCH WITH UNSYMMETRICAL LOADING. 

The arch shown in figure 192 is; of 120 feet span with a rise of 45 
feet. Half of the span is loaded with a distributed load of 1 ton per foot 
run, and the right half of the span with 2 tons per running foot. 
Determine the magnitudes and directions of reactions; draw the curve 
of equilibrium and the direction of the thrust at crown, 

SOLUTION: — Divide the distributed load into some convenient 
divisions as shown ( the more the better ), Plot the loads in the load line 
as shown and by seketing any pole O' draw the polar diagram and the 
corresponding equilibrium polygon P Q' R' as shown, Mark y' in this 
polygon, but the actual depth you require is y and the curve of equilibrium 
is to pass through thiee hinges, and therefore obtain the pole distance 
graphically as shown in fig (6) see also fig. 21 part 1. Draw from 
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pole O' a line O' E in fig. («} parallel to the olosing line PB| and from 
E draw a line EO parallel to PB and equal to H the real pole distance. 
Then from this new polar diagram yon can draw the curve of equili- 
brium as shown in chain dotted line. Here the first and the last ray' o d 
and 0 h represent the magnitudes and directions of reactions at the left 
and the right supports respectively. ( Load scale for fig. 192 is l^slOO 
tons, and l"aaSO tons written by mistake. ) 


SO Bo 60 



Here you observe V* is not equal to but V*— WoiKL where 
W is the distributed load over the left half of the span which is equal 
to 60 tons ; to this EL if you combine the horizontal thrust EO, the 
resultant would be OL, and this is the actual direction of the thrust at 
crown. Now L is the dividing point of left and right half of the 
18 
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distributed loads. Finding tbe point L and joining this with the pole 0 
you get the direction of the thrust at crown. This inclined thrust at 
crown intersects the reaction lines at 5 and 6 at the action lines of the 
resultants of the left and right distributed loads. As suggested in the 
previous example you can easily get the real pole distance H without 
going into the laborious methods as described above. Divide the total 
loads proportionately over the three hinged joints; join PQ and QR in 
dotted lines. Now left hinged joint takes only 30 tons, crown takes 90 
tons and the right supporting hinge will be loaded by 60 tons. Name 
these loads as 1—2, 2 — 8, and 3—4 and work out the crown hinge and 
the real pole O will be fixed; O 4 and 0 1 represent the right and left 
reactions respectively. [See fig. (c). ] Fill up the loads a h» b c etc. 
between 1 and 4 and draw the cmve of equilibrium as shown. 


THREE-PINNED SPANDRIL BRACED ARCH. 


A truss with two portions pin-jointed together is of 80 feet span 
and is assumed to weigh 9600 lbs. The load in pounds per linear foot 
of top chord, uniformly distributed is 1000 lbs. Draw the stress 
diagram. ( Proposed to set for I. so. j>nrt II 1926 ). 

SOLUTION— The total load on the arch is equal to the weight 
of the arch plus the load per running foot over the length of the 
top chord =3 9600+ 1000 X 805=89600 lbs. Since there are eight panels, 
89600 

each panel load = — g — =11,200 IBs. =5 tons. The magnitudes and 


directions of reactions may be determined by the modified method 
suggested in previous examples; that is, loading the hinged joints from 
the total load proportionately ; in this case supporting hinges will 
receive each 10 tons and the crown hinge will be loaded with 20 tons. 
Three hinges are connected by dotted straight lines. Dae consideration 
is to be given only for the carved portion of the arch where the hinges 
are directly connected to it ignoring the braced portion of the structure. 
Working round tbe crown hinge we can fix the point M which is the 
required pole, andl— M, and 4— M will give us the magnitudes and 
directions of the reactions at the suppoits. Then filling in all the loads 
in detail, the stress diagram can easily be drawn as shown in the figure. 


Vertical shear at crown is zero; because V=V'=^ then V— 

2 2 


• 0 , 


Hence the thrust at crown is horizontal and the two reactions if 
produced they will intersect at points 5 and 6 which are on the action 
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lines of the resultants of the left and right half of the loads. Linear 
arch also has been drawn in thick chain dotted line in the figure. 


WIND AND DEAD LOADS ON THREE HINGED ARCHES. 

CASE I. 

WIND LOAD: — Fig. 194 shows a three hinged arch of span 120 
feet with a rise of 45 feet. Spacing is 14 feet centre to centre ; wind 
is taken to blow from the left side. It is required to determine (I) the 
magnitudes and directions of reactions, (II) to draw the linear arch, 
and (III) to determine the bending moment, shearing force and thrust 
at any point in the arch. 

SOLUTION The left half of the arch only is exposed to the-wind 
pressure. Divide the left half of the arch into any number of equal 
parts say 4 as shown here. Draw tho tangential lines from the mid 
points of the divisions to intersect the horizontal lines and measure the 
angles of inclination as shown with the horizontal. Then calculate the 
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norxn&l component of the wind pressare per sqnare foot of root sarfaoey 
&9 per Dachemin’s formula as follows; — N=Hx 

part I chap: 3 ) where N = the normal component of wind pressure per 
square foot of roof surface in lbs., fi=arigle of inclination of the roof 
surface to the horizontal, H=horizontal wind pressure per square foot 
of vertical surface. 



Now for an angle of 65° the normal wind pressure per square 
foot of roof surface is 49*75 lbs. when H=50 lbs. per □' of vertical 
surface. The calculation is as follows: — 


N=Hx 


saSOx 


2 Sin 9 

l+Sin^a 


2 X *9063 


(9=65°). 


1 + -9063* 



OHAPi Xb 


tHBEE mmm) abohes. 


141 


The epaoitig of these arches is 14 feet, and the panel lengrth ( that 
is each division ) measures 20 feet, then the total load on this panel 
is equal to 49^75 x 14 x20» 13930 lbs. or 6*21 tons. Take this load at 
the centre of the first division and name this as AB. Calculate 
similarly for the rest of the divisions. Take all the calculated loads 
at mid points of the respective divisions as shown. Plot loads to some 
suitable acale as shown in fig. (a), connect these to any pole O and 
draw the corresponding funicular polygon and at the intersection of 
the first and the last ray draw the resultant B parallel to a e. Draw 
QN and SP parallel to the resultant and let these two lines meet the 
first and the last ray of the funicular polygon at N and P. Then NP 
is the closing line, and from pole 0 draw a line parallel to this closing 
line, and let it intersect the resultant a e at 2. 

Now 2 a is the load at the left supporting hinge and 2 e the load 
at the crown hinge. You can neglect the rest of the loads a b, h c, c d 
and d s. Consider QST asaYee shaped roof truss hinged at the 
supports and at crown with loads. 1 — 2 at the left supporting hinge and 
2—3 at crown hinge, and work out the crown hinge in the usual way, 
2 — 3 is the load and resolve this into two directions 3 — 4 and 4—2, then 
2— 3 — 4 is the force triangle for that joint. Come to the left suppor- 
ting joint, the triangle of forces for that joint is 1 — 2 — 4. 

3— 4 is the direction and magnitude of reaction at the right 
support and 4—1 at the left support. The point 4 is the real pole and 
connect all the loads to this and draw the curve of equilibrium as shown 
in thick chain dotted line and you will observe that this will pass 
through the crown hinge. 

BENDING MOMENT SHEAR AND THRUST AT ANY POINT, 

The loads are not vertical, and there is no common pole distance 
to the loads. ( See fig. 41 part I ). Ordinate multiplied by pole distance 
method does not hold good here. Therefore select a point any where 
in the centre line of the arch, say at x and draw a radial section line 
through X to intersect the linear arch at y To the left of this section 
there are two forces B^ and A6. In fig (<s) 4—6 is the resultant of 
these two forces, and therefore resolve this force 4— h, parallel and 
perpendicular to os y as 4—5 and 5—6. Then bending moment at w 
is equal to x y multiplied by 5 — 6 ; shear is equal to 4—5, and 5—6 is 
the thrust, a; to be taken in linear scale, 4—5 and 5— 6 in load soale» 
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Another method of getting the bending moment at v is as 
follows Draw from the point x a line e as at right angles to the line of 
the linear arch in the field B. The corresponding ray in the polar 
diagram representing this force is 4— h. Then bending moment at as 
is equal to the force 4 — 5, mnltiplied by the distance as 0 . The shear 
and thrust as before. Remember these well. 





CASE II. 

WIND AND DEAD LOADS COUBINED:— Wind loads on the divi- 
sions as calculated in the last example are 6*21, 5-92, 4‘70 and 2*80 
tons respectively, and dead loads if calculated will be as follows.— 
Spacing of arches is 14 feet centre to centre. Weight of arch truss 
roughly per square foot of ground area is ( *08 x Span in feet ) = *08x 
120a9‘6 Bs. Total load = 120 x 14 x 9*6 >m 13208 I&s. and on each 
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18208 

divisional — g — sa 16510 IBs. or *73 ton. Weight of corrugated sheeting 

on each division =20 X 14x4=1120 IBs. and weight of pnrlins=l4x 
20 X 4= 1120 IBs. Total 2240 IBs, or 1 ton. Grand total weight on each 
division ■■’73+ 1 = 1*73 tons or say 2 tons. Plot the wind and dead 
loads on the left portion of the arch and combine them for their 
resnltants and draw the dead loads on the right side. Plot these loads 
as shown in fig. (a). 

Fig. (a) has been drawn to a scale of 1"= 16 tons for want of 
space. The modified method of determining the reactions and a real 
pole for the curve of eqailibrium, is to sum np all the loads and 
concentrate them only on three hinges. Consider the arch to be a Vee 
shaped roof truss. First take only the wind load acting on the arch 
and for this the loads on the left supporting and crown hinges are Q N 
and S P as found out in the previous example Then determine the 
dead loads on three hinges as follows: — Take the dead loads on one 
half of the arch, that is, on the right half, draw the load line, polar 
diagram, and a corresponding equilibrium polygon as in fig. (5), and a 
line drawn from pole 0 parallel to the closing line will divide the line 
e k in 7, thus 7— 6 is the load on the supporting right hinge and 8—7 
on the crown hinge. The crown hinge in subjected to a further load 
equal to 8— 7 from the left half of the arch. 

Next combine the wind and dead loads from the left bottom hinge 
as shown. 

Note:— N U the dead load, is combined with the wind load Q N 
and the resultant is U Q. Similarly at crown V S is the resultant 
and at the right bottom hinge W P is the load. Now join Q S and 8 P 
with dotted lines. Plot these loads in fig (a) commencing from the 
point a as 1 — 2, 2—3, 3 — 4, shown dotted, ignoring the rest of the 
loads. Now work round the crown hinge and draw the triangle of 
forces 2—3 — 5, here the point 5 is fixed np, then 4—5 and 5—1 will 
give you the directions and magnitudes of reactions at the right 
and left supports respectively. The point 5 is the real pole and to 

which yon can join the points of the other loads a h, b c, c d, d e 

h k with the rays. Ton can then draw the curve of equilibrium as shown. 

The thrust at crown is not horizontal as the loads are not 
symmetrical and it will be parallel to the ray 5— e of fig (a), because e 
is the dividing point from the loads of left and right half of the arch. 
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When the directions of reactions are produced you will observe that 
these will intersect at 10 and 11 which are the points on the lines of 
action of the resultants of left and right half of the loads. 10~11 
shows the direction of the thrust at crown. Bending momenti shear 
and thrust at any point in this arch may be determined as shown in the 
previous example, and for the right half of the arch vertical ordinate 
may be taken to determine the bending moment, but for the left half, 
radial ordinate is to be taken similar to the methods shown in figure 194. 

DEAD LOAD DIAGRAM FOR THREE HINGED FRAMED ARCH. 

Fig, 196 exhibits a usual three hinged framed arch with a span of 
150' and a rise of 70'. Spaced 30' centre to centre. Roof covering 
consists of galvanized corrugated iron sheeting on braced steel purlins. 
Determine the reactions, and draw the curve of equilibrium and stress 
diagram. With the help of the curve of equilibrium determine the 
stress in the member CX. 

SOLUTION: — Spacing of arches is 30'. The dead load on the arch 
is composed of the weight of steel work in the arch, roof covering and 
the weights of purlins. The weight of the steel work in the arch per 
square foot of ground area covered in lbs. is equal to *07 multiplied by 
the span in feetsaa‘07 x 150=10*5 lbs. The area covered by one arch 
is equal to the span multiplied by the spacing of the arch= 150 x 30= 
4500 Therefore the weight of the arch = 4500 x 10*5=47250 Bs. 
The weight of G. 0. 1, sheeting = 4500 x 3*5= 15,750 lbs, where 3 5 lbs. is 
taken as the weight of G. C. I. sheeting per Q' of ground area covered. 

The weight of braced purlins = 4500 x 4 lb3= 18,000 Bbs, 4 lbs is 
the weight per □' of ground area covered. 

Total load = 472o0+ 15750+ 18000=81,000 lbs. Each panel load= 
— — = 6775 lbs. or say 3 tons on each joint. 

1 A 

With dotted lines join the supporting hinges to the crown hinge 
as usual. Divide the total load into three loads to act on 3 hinges as 
explained in previous examples. Take only half of the arch with its 
load and connect them with a pole O* and draw the corresponding 
equilibrium polygon, and a closing line to touch the lines drawn parallel 
to the loads from the left and crown hinges. From pole O* draw a line 
parallel to this closing line and it gives you the point I in the load line. 
Then I— is the load on the crown hinge and a — 1 is the load on the 
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left hinge. Similarly yon get the same amount of loads on the crown 
and right hinge from the loads of right half of the arch, as the loads 
are symmetrical. 
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The total load on the crown hm^e is equal to twice the load of 

1— gf and the load on the left and right hinges are each equal to o — I. 
In the diagram a — 1, 1 — 2, and 2 — 0 represent the loads on left, crown 
and right hinges. From 1 and 2 in the load lino draw lines 1 — jp and 

2— p parallel to the dotted lines which join crown, left and right hinges. 

The point is then the, real pole from which you can draw the 
curve of equilibrium as shown, p — o and o— p represent the directions 
and magnitudes of the reactions at left and right hinges respectively, 
and the stress diagram can be drawn as usual commencing from the 
left or right support as shown. 

No/e: — (I) In drawing stress diagram great difficulty is experienced 
in getting the last line to clc^se well, a little error in parallelism at the 
beginning magnifies itself in the end to a very great extent specially in 
large arches like this. If the students desire to draw the stress dia- 
gram correctly, thoj' are advised to draw the frame diagram to a very 
big linear scale and load scale may be selected at will, 

( II ) The cuive of equilibrium may advantageously be made use 
of, in getting the stress of any individual member of this framed arch 
as follows:—- Suppose }ou lequire to deteimine the stress in the member 
CX. Take a section 4 — 5 and remove the portion of the struteture to 
the right of the section, take the moment centre at 6 the intersection 
point of the other two cut members. There are three forces to the left 
of the section the reaction PA, loads AB, B(>; and the resultant of 
these three loads is PC. Tt e line of the curve of equilibrium which is 
parallel to the resultant c p is in the field C. Produce this line of the 
curve of equilibrium as sliovai to get the perpendicular distance 7—6 
about the moment centre, and the perpendicular distance of the 
member CX about the moment centre is 6 — 8. 

Hence the stress in C X x G— 8=force c— p x 7—6. 

/. C Xx I3c=.]46x5. 

Stress in C =5*61 tons. 

Id 

This result exactly tallies with the result obtained from the stress 
diagram. 

WIND LOAD DIAGRAM FOR THREE HINGED FRAMED ARCH. 

Take the same framed arch of the previous example, calculate the 
wind pressure, draw the curve of equilibiium and stress diagram. 
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SOLUTION: — Tho spacing of the arches is 30'. Wind is supposed 
to act from the left side. The intensity of horizontal wind pressure per 
square foot of vertical surface is taken as 50 lbs Now commencing from 
the left hinge the horizontal wind pressure is calculated as follows:— 
The length of first panel is 18' and half of this is to be taken for 
calculating the wind piessure, then the force AB = 3x 30x50 lbs. = 
13^500 lbs or 6*02 tons. The second panel length is 21 feet and force 
BO«*{9+10-5 )x3Ux 50 lbs « 29,250 lbs, or 13*06 tons. The force CD 
is the resultant of the loads which act on half the length of the panel 
in the field 0 and other half length of the panel in the field D=s 
( 10*5x30x50 ) + ( 8x39x38 lbs ) = 15750+9120 Ibs.«V.03 ton8+4*07 
tons, { The panel in the field D is inclined to an angle of 28^ with the 

horizontal and as per Duchomin’a formula N*»H x f ^ai50 x 

1 + ISin^ fl 
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1 + " *4694 X 4694 ^^^ ^ Panel length = 16 feet; and 

distance centre to centre is 30'. ) The resultant of the forces 7*03|and 
4*07 tons is the foice CD. 

Further each panel length is 16 feet and the angle of inclination 
of each is different from one another as shown. The magnitudes of the 
forces DE, EF, FG, GH and HK as per Duchemins formula are 8*14, 
7*07, 5*57, 3*21 and 1*28 tons respectively. 

These loads are plotted separately in the load line and AKis the 
resultant of all the loads. The left half of the portion of the arch only is 
loaded and the total load that is the lesultant, is to be divided propor- 
tionately on these two hinges v i the left and crown hinges. The 
line of action of the resultant is obtained by means of polar diagram 
and funicular polygon as shown. The direction of the loads on these 
two hinges must be parallel to the resultant and the magnitudes of 
them are a — 4 and 4— These are obtaii^ed as follows. — From pole 
0" a line 0'^— 4 is diawn parallel to the closing line 2—3, of the 
funicular polygon and thus dividing the resultant a k into two parts 
a— 4 and 4^k which represent the loads to be applied at the left and 
crown hinges respectively. 

Now the whole arch is subjected to two loads a— 4 and 4— ft at 
the hinges and dotted lines are drawn from the supporting hinges to 
the crown hinge as shown. As we do in the ordinary cases of roof 
trusses wo can go round the crown hinge and resolve the load 4— ft 
parallel to the two dotted lines and get the triangle of forces 4-^fc — 
Then ft — Z is the magnitude and dire^ction of the reaction at the right 
hinge and I a the magnitude and direction of the reaction at the left 
binge, and I is the real pole to which all the load points are to be 
connected by rays. From this real polar diagram the carve of equilw 
brium is to be drawn as shown, Ihe stress diagram can then be drawn 
as usual. The stress diagram takes a lot of time and ultimately we may 
or may not succeed in getting the last line close well. The curve of 
equilibrium may be effectively be utilized in determining the stress 
of any member as explained previously, see figure 194 and 196. 

Note; — Fig. 197 was drawn to the scales I"s5ai40' and tons 

and ultimately the figure was reduced to suit the size of the page of 
this book. Thescales for fig. 197 are now i" 5 :^ 65 - 22 ' and 
tons approxircately. 
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SUSPENSION BRIDGES. 

A suspension bridge consists of two cables with vertical rods 
vhich carry the platform that supports the road way, pass over towers 
built on both the ends of the bridge. See the picture view shown in 
figure 198. The road way is suspended by series of vertical rods 
and these rods in turn are attached to the main cables. These vertical 
rods and cables are subjected to tensile stresses which are the greatest 
advantages in bridge work and hence the bridge is cheaper than ordinary 
braced girders whose members are subjected to both the compressive 
and tensile stresses which require more metal and weight. The main 
disadvantage in this suspension bridge is that this cannot be subjected 
to heavy traffic such as Railway etc. 



The theory of suspension is as follows.— -To start with take a 
strong rope or chain and suspend a load A B to it as shown in fig. 199. 
The point 1 where the load is suspended is kept in equilibrium by three 
forces namely, the load AB and the tensions in the two portions of the 
string. Consequently a force triangle ahc may be drawn as in fig. 199. 
The points 2 and 3 are also in equilibrium by a set of three forces at 
each point and the magnitudes of these forces may be determined by 
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connecting pointB 2 and 3 by a straight line usually Ten own as a closing 
line which is very familiar to the students at this stage. Then from 
point c in the force triangle a line c d is drawn parallel to the closing 
line 2 — 3 and it is intersected at the point d on the load line a 6, 



In this figure three points are in equilibrium and there must be 
three force triangles, and these are as follows: — The force triangle a h c 
is for the point 1 ; bed for the point 2 and a c d for the point 3, The 
rays a c and c h repiosent the greatest terminal tensions in the chain. 
Ihe sum of all the horigontal components is equal to zero and sum of 
all the vertical components is also equal to zero, lienee the system 
is in equilibrium. 

Similarly by hanging series of loads to the chain we have as many 
force triangles as there are loads on it as shown in figure 200. Since 
the system is in equilibrium all the sides of the force triangles should 
converge to the common point O which is called the pole, and the 
diagram is called the polar diagram or the force polygon. The rays 
a o and e o will represent the terminal tensions of the chain, and the 
pole distance H is equal to the hoiigontal component of the tensions 
of all the portions of the chain. The clmin being flexible and when 
the loads are suspended, it will take the form of a curve. 

By this we find that if any system of loads is known the form in 
which the chain must hang may be determined or conversely if the 
form of the chain is known the system of loads may be determined. 
In any case magnitude of one of the loads must be known. 
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CA.^E T. 

HuppoRO tlio form of il o olioiii is known, Fee figure 200 and the 
loads are n(.t known ; then by soleciing any point O, nnd from it if rays 
parallel to the sei^nunts of the chain are dra\Mi indefinitely we can 
dotormino the magnitudes of the system of loading by drawing a vertical 
line to intersect the rays drawn from polo 0. In this way wo can draw 
any number of vertical straight line s inte? secting the rays as shown 
at 1— 1, 2 — 2 and 3 — 3. All the loads will proportionately be intersected 
by the rays, and hence the magnitudes of the loads depend on the 
distance from the pole or the horigonal stress of the terminal tensions 
of the chain wo propose to give. Hence it is necessary to know before- 
hand the magnitude of one of the loads or the pole distance which is 
equal to the horigontal stress H of tho terminal tensions. 

CASK TT. 

Suppose tho system of loads to hang from tho chain is known, from 
this w^e can have very matiy foims to the chain by selecting the polar 
distances at our will. To fix tho form of tho chain due consideration 
must bo paid to the terminal tensions of the chain or to the dip or sag of 
the cable or chain. In this way the from may be fixed up. If we like 
tho form of the chain to pass through three given points wo can diaw 
very effectively as explained in figures from 17 to 21 of part I. 

EXAMPLE 1: —A suspension bridge has a span of 100 feet, 
width of roadway 12'. Tlio total uniformly distributed load is 200 lbs. 




SOLUTION: — Width of road way 12 feet and span 100 feet. 
Weight 200 Ihs. per square foot. Therefore the total weight on the 

two cables = 100 x 12 x 200 lbs. =240,000. On one cable = 

A 

120,000 Tbs. The maximum tension and the horizontal pull can be 
determined by taking only one half of the cable. The load on one half 
=:=60,0001b8 acting at the centre of gravity of that length as shown* 
This one half of the cable is kept in equilibrium by three forces viz. 
the horizontal pull H at the greatest dip, the load on one half of the 

cable 60,000 lbs which is represented by 1-^2 acting at ^ and, the 

A 

terminal tension. Drawing the triangle of forces for these three loads 
we get the triangle 1 — 2 — 0 shown in thick lines, 

W 

Here 1— -2 represents ^ , 0—1 and 0 — 2 will represent the termi- 
nal tension and the horizontal pull of the cable respectively. 

The drawing of the parabola of the bridge is as follows:— -The 
platform weight p^r foot run of the bridge for one cable =? 120 , OOO-t' 
100=1200 lbs. Now dividing the span into any number of equal parts 
say into 8 as shown here, and the panel load will be equal to 12*5 X 
1200=5 15,000 lbs. The first and the last load are each equal to 15000-r- 
2 = 7500 Bs. Filling up those panel loads on the load line as shown 
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the equilibrium polygon may be drawn commencing from the tower and 
this will exactly give us the required depth 12' in the centre. 


JV’ote : — The load on the suspension bridge is usually a uniformly 
distributed one, and with the help of bending moment diagram we can 
easily determine the horizontal pull of the cable which is always 
equal to the polar distance H. In the above example dip of the cable 
is given and is equal to 12'. Assuming the loads are acting on the 
beam of span L we have for a distributed load the maximum bending 
WL 

moment = -^=OrdinatexPole distance H ; where Wsatotal load«» 
o 


120,000 5)8; L=8pan in feet=100'j and ordinate =» 12' as given above. 


Substituting these values in the equation we have 


1 20,000 X 100 
8 


12 xH. 


=125,000 lbs. In the graphic soluticn we gob the 

o X 

same result by taking only half the total load on one cable and this, also 
may be verified algebraically as follows. ( See fig. 201. ) Half the total 
W 

load is and the stress at the lowest point of the cable is H. Taking 

A 

W L 

the moment centre at the right support of the cable we have ~ ^4“ 
W L 1 WL 

HxD, /. H=:— X. = as before, and gives you the same 
Z 4 JJ t51i 

result as 125,000 lbs. Ans, 


The value of the maximum tension O 1 or 0 ? can be found from 
fig. 202 as follows 

W 

0 12 = ( 1-2)2 + (0 2 )2 where = ~ and O 2«H, 


Substituting the value of H in the above equation we have— 



WJ W2 L2 
4 04D2 


20 
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Again to determine the tension at any point in the chain say at 
P a tangent line is to be drawn at P, and from pole 0 a line 0 P is 
drawn parallel to the tangent line drawn at P. Now 0 P* in the right 
angled triangle =:P 2^+0 2*. 





\l*-T -*1 


Again 1-2=WX2 and P2 =^wxXi where to = load per foot run; 

L = span length and cc = tho distance from the point P to the centre of 
the bridge. 

-- P 2 IV X X 

r:2=^7=y 

• r" ” ;.-r ‘J 

. . t Li L 

2 ' 

But 2 ( 1 — 2 ) = Ws^ Total load-on the bridge, 

P02 = ( 

P 

Hence the tension at any point P=:P ^=^^2 + ^ — J , 

LBNQTH OP CABLE.— The length of the cable may be determined 
approximately by the following formula— 
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o D2 

S=aL-f f X where S = length of the cable; LssSpan in feet; D«i 
dip of the cable. 

METHOD OF ATTACHING END3 OF CABLES OR ANCHORAGE. 

A few important me- 
thods are discussed here. 
First the cable passes over 
a pulley which is fixed at 
A on the tower, ( see figure 
203 ). In this case the 
magnitude of the tension 
in the anchor cable will 
be always equal to the 
terminal tension of the 
bridge cable. If X is equal 
to ^ the horizontal components of tensions of both the cables are equal 
to each other and the lino of action of the resultant of these two tensions 
coincides with the centre line of the tower and hence there will not 
be any overturning force on the tower. 

If X is not equ- 
al to B the resultant 
of these two pulls will 
not be vertical and 
therefore the tower is 
to resist the horizontal 
ioToe which is equal 
to the difference of 
horizontal components 
of these two pulls. 

If the tower were 
very high the over 
turning moment will be great ( See fig, 204 ). Hero X is not equal to 
The tension AB is equal to AO, but the horizontal component BD is 
less than the horizontal component of BO ; and the difference of these 
two is equal to GP. The vertical pressure on the tower is equal to 
AE+AD-AG. 
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SECOND METHOD. 





In this method the 
bridge and anchor cables 
are attached separately 
to the pulleys which are 
fixed on the tower as shown 
in the figure 205. Here 
the axact calculation is 
impossible. The tensions 
in the cables depend on 
the rigidity of the tower. 


THIRD METHOD. 


j^/a: 206 . 




Here the 
cables are atta- 
ched to the sa- 
ddle on roller 
bearing on top 
of the tower. 
There is no fri- 
ction on top of 
the tower and 
the reaction is 
always vertical. 
( See fig. 206. ) 
Since the reac- 
tion is vertical 
there is no hori- 
zontal force on 
the tower and 
this necessitates 
the horizontal 
components of 
the tensions of 
both the cables 


to be equal. If i is equal to the tension in the bridge cable will 
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always be equal to the tension in the anchor cable, and if the inclinations 
are not equal, then there will be a difference in the magnitudes of 
tensions and still the horizonal components of both the tensions must be 
equal to each other. For example let AB denote the magnitude of the 
tension in the bridge cable and BO is the horizontal component of it. 
Then it follows that the horizontal cornpoixent of the tension of the 
anchor cable must be equal to BO. Therefore take DE equal to BO 
and hence EP must represent the magnitude of the tension in the 
anchor cable. 

The saddle is mounted on roller bearings and the variation 
of the tensions in the bridge and anchor cable produces the horizontal 
stress on the tower, and this horizontal stress is to be transmitted 
through the saddle; but the saddle itself yeilJs without transmitting it 
to the tower and hence the reaction on the tower is always vertical, 


FOURTH METHOD. 

In this the 
tower itself is 
hinged at the 
bottom as shown in 
the figure 207, and 
the cables are tied 
to the saddle which 
is fixed on top of 
the tower. In this 
case also the 
reaction is always 
vertical, because 
the tower as a 
whole yeilds to- 
wards the greater 
pull and thus avoids the horizontal stress caused by the difference of 
stresses in the cables* 
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FIFTH METHOD. 



The bottom . 

of the tower is 
attached to a 
rocker bearing as 
shown in figure 
208 ^ and this is 
more effective 
than any other 
methods shown 
above, but this 
is usually adop« 
ted for very 
large spans. The 

weight of the tower itself is enormous and therefore the bottom of the 
tower is simply resting on the steel bed plate. Any difference in the 
magnitudes of the tensions in the cables causes the tower to have a 
gentle motion in the vertical plane. The reaction is always vertical. 
The tension in the cables in these two latter methods may be determined 
in the same way as found out in the third method, 


SUSPENSION BRIDGE WITH PIN JOINTED 
STIFFENING GIRDERS. 

When the suspension bridge is subjected to moving loads or 
unsymmetrical dead loads the form taken up by the bridge cables will 
alter, and when the train with locomotive is allowed to pass over the 
bridge the alteration of the cables will be more, and oscillations are 
then set up owing to the impact effect of the engine and train loads. 
In order to lessen these disturbances some sort of braced girders are 
generally be used to stiffen the suspension bridges. Owing to these 
inconveniences, suspension bridges are rarely used for Railways. If 
the girders are pin jointed at the centre and used for stiffening the 
suspension bridge, these bridges become actually inverted three hinged 
arches and the stresses in them may be ascertained in the same way 
as we did in three hinged arches previously. If the stiffening girders 
are not pin jointed in the centre, the stresses are more difficult to 
determine as these become inverted two hinged arches, and consequently 
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we deal with the stiffening: grirders that hare pin jointed at the 
centre. We will show now how stiffening girders help the chain 
to retain its parabolic form under all conditions of loading. 

UNII'OBMLY DISTBIBUTED LOAD OVEB HALF THE SPAN. 

EXAMPLE: — Figure 209 shows a Suspension Bridge of 110 feet 
effective span and a dip of 28' with hinged stiffening girders. The 
dead weight of the bridge is assumed to be 1 ton per running foot. 
This bridge is further loaded with a uniformly distributed load of 
2 tons per foot run to cover only one half of the span. This is 
considered to be the worst position of the loading. 

First taking only the dead load of the bridge the polar dia« 
gram figure (a) is drawn. The determination of the pole O is as 
per fig. 201 page 152. From this the parabola of the bridge is 
drawn. The same parabola is taken in fig, (c) for the purpose of 
determining the bending moment in the cable for the distributed 
load covering half of the span. The determination of pole O' of fig. 
(i) is as per note of figure 191 page 135. From this polar diagram 
(^), the bending moment diagrams shown shaded are drawn. Here 
H2=H3 -Hi= 27 tons and tower reaction R = « «' =41 ; tower re. 
action R = s = 41 : tower reaction R^ J = 14. 

The bending moment at any point P on the cable is equal to the 
intercept PQ multiplied by pole distance Hj. (See fig. 188.) for proof. 
These two shaded curves are the bending moment diagrams acting on 
the girders as well. From the appearance of these two curves we see 
that the greatest ordinates are at the mid points of these curves. On 
measuring the mid ordinates TT and W to the linear scale we get 
7 feet, and pole distance H) in load scale is 27 tons : then the maxi- 
mum bending moment at each point is equal to 27 x 7= 189 tons feet. 

From this we understand that the bending moment curves for 
both the girders are same. The load that covers half the span is 1 ton 
per foot run. therefore the left girder pulls down on the cable with an 
intensity of 1 ton per foot run and the right girder is being pulled up 
by the cable with an intensity of 1 ton per foot run. The reason is, 
that the ends of these stiffening girders rest on the abutments freely, 
and are prevented from lifting upwards, but are allowed to move 
horizontally to avery limited distance, that is, ^ inch to every lOfeet of 
the span length. Therefore the girders distribute the load uniformly 
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upon the cables and hence these cables retain their original para* 
bolic form under all possible conditions of loading. 



Shearing Force Diagram. — It is possible to draw the shearing 
force diagram graphically, but it is laborious for the reason that the 
uniformly distributed load extending over half of the span acts down- 
wards and the upward pull of the suspension rods in the same portion 



Chap* XL 


SUSPENSION BRIDGE. 


161 


of the span acts upwards. These two loads acting in the same portion 
of the bridge act in opposite directions and all these to be plotted in one 
load line and try the patience of the students* 

Therefore the shearing force is to be calculated at the supports 
and at the central hinge and can be plotted to load scale in a very 
short lime. 

Let ix;aithe distance to which the distributed load extonds* 
tr = load per foot run in tons* 

5 = effective span from centre to centre of bearing in feet. 

Take the moment centre at the central hinge^ then the resultant 
of the load to extending over a distance a? is=M? £c and its moment about 

03 \ S ““ CC 

>2 — 2 J=iw X — . 


Again the uniform downward and upward pull per foot run due to 


w 


suspension rods on the left and also on the right half of the bridge 

to 8 to 8 

and its resultant for one half of the bridge = x Its moment 

to 8 8 tJO 8^ 

about the central hinge — — X 

The equation of the moment on the loft is therefore.— 

„ 5 / 8—X \ ^ 


„ ( / 8 — X \ W 8^ ) 

®V -2~ / " 16 1 

/ « — 05 \ 2 

/ s — x \ to s 

R=,o«(^ g-.. 


2 
8 

W 8^ 2 

16 8 


•(1) 


On the right. — 


to s‘ 


to 8^ 2 w 8 

■■ '*>“-Tr’‘T= 8- 


•( 2 ) 


Now when x=^, substituting the value of as in ( I ) we have 


21 
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, «/ « \ W $ W 8^ to 8 

'““■2V* y)~T~~2 4 8" 


__t 0 8 ^ to 8 _ to 8 to 8 _2 W 8 — W8 _tO 8 
■“■Ja 8'“~4 8““ 8 S'* 

Again lat R.c = ^®Q'Ctiun at the central binge. For • 

Taking moment centre at the left supporting binge we have.— 

„ 8 / 10 8 \ 8 / 8 \8 ^ 

KcX 2-V 2 ^ 2 + /4"°* 

. T> _ / 10 8 ^ \2 10 8 ^ 2 10 8 ^ 2 

’• ^‘®“Vl6 ^ '8”^T‘ 

Ho~-g ---- - g-. _ 

Notc \ — Those values are plotted in the fig, 209 to the load scale 

and may be followed very easily, ^ ^ J — ql3 75 tons. 

o o 

To prove that our graphical results are correct let us take the 
figure 209 (c) separately in figure 210 and calculate analytically as 
follows. Load covers only halt of the span of I ton per foot run. Let 
Sssspan; Ds=dip of tho cables, R = left reaction, R^ = right reaction, 
Hi = II 2 = 113 =s horizontal components of the pull in the cables. Taking 

S 3 

the right hinge as moment centre RxSsiWx'^ 
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s s 

taking left hinge as moment centre R] x Ss>W x ^ X 


4' 


RtaW X 


S S 1 W S 1 X 110 m,. , J. 1. j . 

x-^ x-g- = -^= — y — =13’75. The value of maybe deter* 

mined by taking the centre hinge as moment centre and we know the 
bending moment at this hinge is zero. 

3 W S S 

The bending moment at the centre hinge is equal to — g — 

S S W S* 

Wx -2 X-^ — HaxD=-Yg — Hjs D and this must be equal to zero. 


WS* 


:H 2 XD. or H 2 = 


W,S2 IxllOxlIO 


27*008 or say 27 tons 


16 “ 16x28 

as previously got by graphical method. 

Bending moment at Tas^— ^ x x ^ x — (H 2 x UT'). 

Gere the ordinate UT' measures to the linear scale 21 feet, which is 

exactly | of D, where Bss28 feet. Substituting the values of H andUiy 

, , ,, /3 W S S\ /WS S 

we have bending moment at T is equal to ^ — g — ^ / — \ 

’WS2 3 


/ W 3 n \ _ 

V 16D^4^/ 


8 '' 4- 

3 W S2 W 82 3 W 82 W 82 


4 ^8 


)- 


32 


32 


64 


64 


Substituting the 


. 1 , .WS* IxllOxllO 12100 * f 1 

numerical values we get - =: y-. a= -^^=189*06 tons feet 

° 64 64 64 

and this is exactly the same we got by the graphical method, 

Again bending moment at V=^ X ^ — ( H 2 XXV ). The 

ordinate XV measares to the linear scale 21' which is exactly | of D. 
Substituting the values of H 2 and XV we get the bending moment at 
’ir_/WS^S\ / W 82^ 3^ \_W S2_3 W S2 
^~\ 8 .^4/~\l6D^ 4 /- 32 64 ' 


W 82 . . 

—.7 this is 
64 ' 


the same as before. 


UNIFORMLY DISTRIBUTED LOAD OVER THE WHOLE SPAN. 

In this case the bending moment curve exactly coincides with the 
parabola of the cables and hence no bending moment ; and the whole 
behaving as an ordinary suspension bridge shown in figure 201. 
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SINGLE CONCENTRATED LOAD ROLLING OVER A STIFFENED 
SUSPENSION BRIDGE. 

Tho same parabola of the bridge of figure 209 is reproduced ii> 
figure 211. A'B' is a single concentrated load rolling over this stiffened 
bridge AGB. Five points have been taken at regular intervals on the 
left half of tho span. The bending moment diagram for the first 
position of the load is ACB and the corresponding polar diagram is a' h' 
e with the polar distance ( See fig. 190 page. 133. ) The magnitude 
of the bending moment is equal to the intercept c k multiplied by the 
pole distance Hj. ( See figure 18S page. 129. ) Similarly the bending 
moment at points 2, 3, 4 and 5 are respectively DLXH2/ EMXH3; 
FN X H4 and zero. When the load is rolling on the loft half of tho span 
the values of the bending moment as well as the pole distances varying^ 
and you observe the bending moment diagram on the right half of 
the span is retaining its parabolic form; but when the load 
arrives at the 5th point or the centre of the bridge tho bending 
moment in both the halves are of equal value; but the maximum bending 
moment for this position of the load in these two halves occurs at 
quarter of the span and the value of this is equal to the intercept PQ 
multiplied by the pole distance 115 = 6*9 x I «« 6*90 tons feet. Now the 
polar distance has attained its maximum value. 

Again substituting the numerical values for the intercepts and 
polar distances the following values of the bending moment at 5 points 
in the left of the bridge are obtained. 

B. M. at IssaCK X H|=! 40*2 X *2 = 8*04 tons feet. 

„ 2=:DLxH2»26'4x*4=:10 56 „ „ 

„ „ a=EMxH3= 16*2 X *6 = 9-72 „ „ 

„ „ 4=FNxH4 = 6-3x*8 = 5-04 „ ,, 

„ „ 5«OxH5 = OxlBaO*03 „ „ 

For this position of the load the B. M. in the right half = PQ x 
H5 ss 6*9 X 1 =s 6*90 tons feet. 

The above values are plotted separately to a scale of 1" to 20 tons 
feet at tho bottom of the figure 211. From the above results and as 
from the bending moment diagram we observe that the maximum ben- 
ding moment in the left half of the bridge occuis when the load is at 2’; 
and on further observing minutely the maximum bending moment 
really occurs a little bit towards the right of the point 2/ the difference 
is very little and hence we can safely take the maximum bending moment 
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as 10*56 or say 10*6 tons feet. From this we can also conclude that the 
maximum bending moment occurs when the load is *2 S from A or B; or 
•3 S from the centre of the bridge^ where 8 is the span in feet. 



Shearing force diagram. — Let xu xz, x^, and a? 5 , be the 
distances in feet from the left abutment to the positions of the moving 
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load W. S»tke span in feet. W = tlie concentrated rolling load 
over the span. 

The uniform downward and upward pull per foot run due to bus- 

W 

pension rods on the left and also on the right half of thebindge = — 

W S W 

and its resultant for one half of the bridge = -^ x ~^r = 

w s w s 

Its moment about the central hinge = - x ^ 

( S \ 

OJ / 

The equation of the moment for the first position of the load on the left ia 
therefore Rx I -W (|-®.)+^--=0. 


8 






w 

' 4 


/ W S \ 2 W 

( 1 ) 

On the right taking the moment ceiil/re at the central hinge we have:— 

( 2 ) 


p S W S ^ 


•• 8 y “ 4 • 


2 2^4 


On the central hinge Rc, taking moment centre at. the left support 
we have:— 

2 4 +Wx»,-0. Rc=(^®-W«,)|=Y- 

,.Ro=w(i-^) (8, 

Substituting numerical values to above formula) we get the follow- 
ing magnitudes of the shearing force for different positions of the mov- 
ing load. Here Wslton. When ccssQ f^he load will be exactly on 
the left support.— 

R=w ( 1 )=1 

w 


ton. 


Bi = 


4 4 


T> 2ce\ ,/l 2x0\ 1. 


Now when W is at a distance of X| that is at 11 feet from the 
left abutment^ we get the left reaction. 
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2x11 

110 


R, = ^ = l t(n. 

R.=W(' ?».)=,(> I4I)' 


‘T tonss=:’55 ton. 

4 / 20 


ton. 


4 S / ^4 

-Again when the load is at a distance *5 tha.t is exactly over the 
central hinge we have:— 

R=w( ,-?.»54 )=i( ,_4“4)=4i„„. 

B.=^4.o„,.„an.=w(14-)=i4-4^4 


Rc ~ — ton . 


Method cf plotting these shearing forces in the diagram.— 
When the load is at the left snppoit the shear is equal to | ton acting 
upwards and directly over that tlie moving load W is acting at the ins- 
tant downwaids, therefore neb shear is equal to 1 = —^ ton; and 
Rc each equal to | ton as found aLove. The shearing force diagram 
marked 0 — 0 - 0 - 0— 0 — 0 represents the slicar when the l^ad is at zero 
distance. When the load is at Xi the reaction R = I'o Bi = 5 ^ ton and 

Rc*=»^ ton. At the left support ton is plotted and it is gradually 

W 

being decreased by an amount of ^ ton per foot run till it reaches the 

o 

point Xi and at this point the load W is to be deducted as shown in the 
diagram and this point is connected to of a ton at the centre hinge 
and then tea ^ ten ordinate at the right abutment: and this shearing 
force diagram has been marked as 1 — 1 — l—l — l — 1 — 1 in the figure. 
Lastly the shearing force diagram for the 5th position that is at * 5 , the 
reaction R^ — J ton, RC=. — J ton and Ri =4 ton. Here at the central 
hinge the rolling load W is to be deducted from — 14 - W== ^ ton and this 
has been plotted as shuwn in the figure and marked 5 — 5 — 5— -5 — 5 — 5. 
Similarly the shearing force diagrams may be drawn for any position 
of the moving load over the span. 


UNIFt)miLY DTbTUinUTKl) LOVD .MOVT>TG OVEIl A STIFFLNED 
SUSrEVSiON nUIDCjE. 

The same bridge represented in rig. 209 is taken for example in 
figure 212. The uniformly distiibutod load moving over this span is 
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Tbe load is assumed to move over the bridge from left to right and 
occupy successively the first, second, third, fourth and fifth divisions as 
shown diagrammatically. The dotted rectangles above the load diagram 
show the positions occupied gradually by the moving load* 

Bending moment diagram:— Divide the moving load also into five 
equal parts and magnitude of each div^ision is 11 tons and assume the 
front portion EF occupies the first divison, produce the gravity line 
vertically down and lastly draw the rectangle PQRS as shown in fig. 
(a). Draw the diagonal PR and this diagonal divides the load EF at 1« 
Now you must remember that F 1 and 1 E are the magnitudes of react- 
ions at central hinge U and left supporting hinge T respectively. (See 
fig. 53 page 41. ) Then join TU and UV and plot the load EF and the 
reaction point in it as shown in fig. (6). The load at U is / 1 and draw 
the force triangle / 1 g going round the central hinge; 1 g is parallel to 
TU and/ g is parallel to UV. The point g is the pole for the position 
of the load EF, Then efg is the polar diagram and TP' UV is the 
equilibrium polygon or the bending moment diagram for the first posi- 
tion of the load EF. The polar distance is equal to H| and measures to 
the load scale 1^ tons. 

Now' suppose the moving load approaches the second division 
then the magnitude of the load is equal to sura of DE and EF, and DF 
is the resultant. Plot this resultant in fig. (a). Draw the rectangle 
PQt Rt S and draw tlve diagonal PRf This will intersect DP at 2 and 
transfer all these points in fig. (S) as shown. As before /2 is the 
load on the central hinge and / 2 h is the force triangle and h is the 
pole for this position of the load. Draw the rays, d h, e h and 
f h and draw the corresponding funicular polygon T P2 Ps UV and this 
represents the bending moment diagram for this position of the load. 
The polar distance is H2 = 4^ tons; similarly repeat the process for the 
third, fourth and fifth positions as shown in these diagrams. Now H3 H4 
and Hs are the respective polar distances and they measure to the load 
scale 91, 18, and 27 tons respectively. 

Series of bending moment diagrams are marked 1 — 1 — 1, 2—2—2, 
3—3—3, 4 4 4 and 5 5 5 for the left half of the bridge but for the right 
half, the diagram is the same for all the positions of the load as for as 
the load reaebes the central hinge, but the value of the bending 
moment differs in each case as the distances are varying, 

22 



TABLE SHOWING THE VALUES OF THE BENDING MOMENT FOR THE MOVING LOAD 

FOR LEFT HALF OF THE BRIDGE. 
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TABLE SHOWING THE VALUES OF BENDING MOMENT FOR THE MOVING LOAD 
FOR RIGHT HALF OF THE BRIDGE. 



AB, BO, CD, 27 „ 5x27 6-75x27 7x27 6*5x27 4x27 

DE and EF " I 35 .O 182-25 189 175-60 108-0 

* These unmericals refer to the divisions marked along the length of the span of the bridge. 
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The above values of the bending moment have been plotted in fig. 
(c) and you will observe that the maximum bending moment occurs 
when the load approaches the fourth division of the bridge^ that is at *4 
of the span and its va1ne=:228'6 tons feet nearly. By calculation we get 
WS2 

nearly; where W = moving load per foot run in tons; Ssaspan in 


feet. 


Substituting the numerical values we have 


lxll02_ 12100 
53 ~ 53 “ 


228‘3 tons feet, bat practically no difference. For theoritical caloola* 
tions refer pages 367 and 368, “Andrews Design of Stroctures.” 


Shearing force diagram will be exactly same as calculated for 
figure 209. 
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In chapter IV we dealt with simple supported and inclined 
beams with bending moment and shearing force diagrams in detail bat 
in this chapter an attempt has been made to show as far as possible 
clearly, the method of drawing bending moment and shearing force 
diagrams graphically for dxed beams. 

Figure 213 is a 


Fig. 2 / 3 . 



supported beam, that is 
to say it simply rests 
on the supporting walls 
and when it is loaded 


SUPPORTED BEAM. 


it freely bends as 
shown in dotted, but 


there is nothing to prevent its bending action at the supports; 
whereas the same beam if fixed to the wall properly as shown in 
figure 214 and then loaded, it bends a little in the central portion 

as shown 
is dotted 
curved line, 
keeping the 
left and 
right fixed 

portions perfectly horizontal. This horizontality of the fixed portion 
of the beam ief due to the suffiecient weight of the masonry above the 
fixed end or if there is no convenience to provide the calculated 
weight above this end a pair of holding down bolts are to be provided 
at this portion and to be taken down the masonry vertically to a 
suitable depth. Then only, a perfect fixation of the beam is guaranteed* 
This method of fixing, sets up the negative bending moment at these 
points and the area of the negative bending moment diagram must be 
equal to the bending moment diagram of the freely supported beam. 
This theorem helps us to draw the bending moment diagram for fixed 
beams graphically. 

EXAMPLE 1 beam 20' long fixed at both ends and carries a 

concentrated load of 5 tons at the centre. Draw bending moment and 
shearing force diagrams graphically* 
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SOLUTION .~Dr aw the load a h and you know the magnitude of 

W 

reaction on each support is equal to =3 b c and c a and at right 

angles to the point c select any pole 0 and complete the polar diagram. 
Magnitudes of reactions are known and draw the shearing force diagram 
as shown^ similar to the shearing force diagram of the simple supported 
beam. Again draw the equilibrium polygon MPN assuming that the 
beam is a simple supported one. The maximum bending moment is eqnal 
to the intercept TP in linear scale multiplied by pole distance H in load 
scale s= 10' X 2*5 tcns=25 tons feet. Here TPaalO' and n=a^ inch=a2*5 
tons to the load scale. Yon can verify this by formula as well. — The 
formula for a supported beam with a concentrated load at centre the 

W S 

maximum bending momenti=i~^ where W=load and S = span in feet.. 

5 X 20 

Substituting the numericaljvalue you have —r — = 25 tons feet as above^ 



The negative bending moment set up by the fixation should be 
exactly eqnal in area of the free bending moment diagram MPN. Yoa 
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know the area of the trangle MPN is equal to — ^ xTP and the area 

of the negative bending moment which should be drawn on the same base 
MN must be equal to MN x h, where fersthe ht^ight of the rectangle* 

MN 

Then ^xTP«MNxA. 

2 ^MN~ 2 ' 

TP 

Now take — as the height of the negative bending moment and 

draw the rectangle MQHN. Eliminating the common portion of the 
two figures the resulting bending moment diagram is as shewn shaded 
in the diagram. The bending moment at the fixed end is equal to NR or 
MQ multiplied by pole distance H=s5'x2 5 ton8=l2*5 tons feet and 
this value is exactly one halt of the value of free bending moment. 

Determination of the height of the rectangle MQRN or the 
maximum ordinate of the negative bending moment by graphical 
method is as follows, — Take MQ and NR vertically of equal lengths 
on the reaction lines and join QN. Now the rectangle has been divided 
into two triangles MQN and NnQ and (ho centres of gravity of these 
two triangles will lie on two vertical lines drawn at the span of the 
beam as shown, 

Note:— The triangles may be small or big such as the triangles 
shown in fig. 216 the centres of gravity of these four triangles lie on 
two vertical lines 
drown at | the 
span. Here 2 N, 

IQ, 4 R and 3 U 
are mediens of the 
triangles MQN, 

NRQ, QUR and 

RVU respectively. 

The area of the 
negative bending 
moment diagram 
must be equal to 
the area of the free 
bonding moment 
diagram, Kemem- 
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that the centre of gravity line of the area oi the negative bending; 
moment diagram must lie on the 0. G« line of the free bending moment 
diagram* Now take 6 / equal to the area of the free bending moment 
diagram and sleet any pole O'. Draw the equilibrium polygon U VW, the 
first and the last ray of the polar diagram must meet at V on the gravity 
line of the free bending moment diagram as stated above. Then UW 
is the closing line of the funicular polygon and from pole 0^ the line 
O' g is drawn parallel to UW. Now e g and g f represent the areas 
of the negative bending moment to act down on the vertical lines 
drawn at ^ span. 

NowMQx ^ = area of the triangle MQN = cjr. /. 

Fubstituting the numerical values in the above equation we have — 


MQ = eflfx g 
moment diagram = 


The area of the free bending 

20 

X 10=100 f and e g is half of e/=50D', 


This enables us to draw the negative bending moment diagram as shown 
shaded. This graphical method is to be thoroughly understood by the 
atudents if they desire to follow the further problems on fixed beams, 
as the same method will be adopted hereafter. 


EXAMPLE 2, — A fixed beam of span iO feet carry a uniform load 
of one ton per foot run. Draw the bending moment and shearing force 
diagrams. 


SOLUTION: — See figure 217. Divide the distributed load into any 
number of parts as shown, and draw the bending moment and shearing 
force diagrams assuming this to be of simple supported beam. Now 
the area of the negative lending moment diagram must be equal to 
the area of the free bending moment diagram and the area of the 
parabola is equal to the base MN multiplied by * TP. Then MN x J 
TP = MNx/i where A is the height of the rectangle MQRN. A = 
MN y 2 TP 

= 1 TP. Take MQ or KR = | TP and draw the rectangle 

MQRN, the resulting figure is the bending moment diagram shown 
shaded as usual. 


Now the maximum bending moment is at the supports and is 
equal to the intercept MQ or NR multiplied by pole distance H'. 

Substituting the numerical values you have 4*44 x 7*5 tons=33*33 
tons feet. The formula for the bending moment at the centre of the 



OSA^.ZII. 




Iff 



«pui for oimi^o 
supported boam 
with a uniformljr 
distributed load is 
WS* 

where W- 


8 

load per foot run 

and S»8pan in 

feet. Substituting 

the values you 

, 1 X 20 X 20 

have 

8 


6 

•50 tons feet. 


Graphically inter, 
cept measures to 
the linear scale 
6'66 feet pole dis- 
tance in load scale 
7'5 tons. then 

bending moment— 6 66 x 7‘5*“49'95 or say 50 tons feet as above. 

The maximum ordinate of the negative bending moment is 
equal to | of the ordinate at the centre of the parabola>B| x 6*66 — 
4*44 feet, and maximum bending moment - 4*44 x 7 5—33*33 tons 
WS* WS* 20 X 20 


feet. Again | of 


33*33 tons feet as before. 


8 12 12 
At the centre, the ordinate— ? of 6*66—2*22 and the bending moment 
at the centre- 2*22 X 7*5 — 16*65 tons feet. You can verify this by 

WS’f 400 


the formula x 

«5 o 


16 66 tons feet as before. 


24 24 

The points of contraflexure are and 1/ and at these points the 
bending moments are zero. The length between K'^L^can easily be 


found from the following relation 




y _ 
24 W 


W ( 

WS^ 

8 

u • 


s ^ 

* 3 t/3 

1*7321 


•577 S.. 


Then Q fti+Li R -1*000— *577 S = *423 S : .% Q A, or Lx R- 
*423 S 

— — a — '*'211 S. On measuring to tbe scale you find it measures 


exactly *211 S. 



178 


GRAPHIC STATICS 


CHAP. XIL 


Graphical way of getting the negative bending moment. — 
Take any rectangle MQRN and divide this into two triangles MQN 
and NRQ, The centres of gravity of these two triangles must lie 

on two vertical straight lines drawn at ^ span. The sum 
of the areas of these two triant^les should be equal to the 
area of the parabola MPN. The centre of gravity of the negative 
bending moment diagram must also lie on the centre of gravity line 
of the free bending moment diagram. 

Now the'area of the parabola MPN=MN x |TP = 20 x ^ x 
6*66 88 8 Then the area of the negative bending moment 

diagram must also be equal to 88’8 O'". Take f' equal to the 
area 88*8 and take any pole Then draw the equilibrium 
polygonjUVW and UW is the closing lino, then draw from pole o' 
a line o^jg^parallel to UW as usual. 

g 

MQ the area of the triangle MQN = c^^^ .% MQ = 

~ ^ ^ Substituting the values you have =4*44, and 

this is exactly equal to ^ of TP~ | x 6*66=4 44. The resulting 
bending moment diargram is as shown in the figure. 

EXAMPLE 3 

Figure 218 repre- 
sents a fixed beam 
of 20 feet span 
with a concentra- 
ted load of 5 tons 
anywhere say at 
15 feet from one 
of the fixed ends. 
Draw bending mo- 
ment and shearing 
force diagrams 
graphically. 

SOLUTION 
Draw the reaction 
influence line as 
shown in dotted 
lines to determine 
the magnitudes of 
reactions assum- 

ing the beam to be freely supported one. Select the pole O. perpen^ 
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diculftr to the reaction. By this you get the closing line M E 
of the free bending moment diagram exactly parallel to the beam. 

Draw the free bending moment diagram M P E as if the beam 
is freely supported one. Let M Q and E B be the ordinates repre- 
senting the negative bending moments at the left and right fixed 
ends respectively. The area of the free bending moment diagram 
MPE must be equal to the area of the negative bending moment dia- 
gram M E R Q. Now the area ef the free bending moment diagram— 

X TP. Area of the negative bending moment diagram= ^ 

X M E. Therefore — X T P- - - X M E. Eliminating 

the comtnon terms we have TP=>MQ + NR. 

The Tiegative bending moment diagram should be divided into 
two triangles and in this case these two triangles are not equal to 
each other as the 1< ad is not in the centre of the beam, but still 
the centres of gravity of these two triangles must lie on two 
vertical lines drawn at I the span lengths shown dotted. The 
gravity line of the free bending moment diagram also is shown. 

Now adjust TP in the centre of gravity line of the free bending 
moment diagram and draw the reaction influence line as shown 
and the ordinates MQ and NR are directly obtained. For reaction 
influence line see fig. 236 page 201. 

Next draw MQ and NR at the left and right fixed ends of the 
beam and obtain the resulting bending moment diagram shown 
shaded. Bending moments at the fixed ends and under the load 
may be calculated as follows. — B. M at the left fixed end— MQxH 
=5*4 X 2*5 tons— 13‘5 tons feet. B. M under the load— x P x H— 3 
X 2*5 tons —7*5 tons feet and B. M. at the right fixed end = N R x 
H — 2*1x2 5 tons=5*25 tons feet. 

The shearing force is to be drawn as follows — From the pole 
O draw a line OC parallel to QR and be represents the shear at the 
right fixed end and c a at the left fixed end and the resulting 
shearing force diagram is as shown shaded. 

DIAGRAMS FOR UNSYMMETRICAL LOADINGS. 

EXAMPLE^4 : — A fixed beam of 20 feet span with concentrated 
loads 5 and 10 tons placed at 5' and 12' from one of the fixed ends 
is given in fig. 219. Draw bending moment and shearing force 
diagrams graphically. 

SOLUTION : — Draw the action line of the resultant for the 
given two loads A B, B C and for this resultant a c draw the 
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reaction influence line as shown in dotted. Select pole O perpendi^ 
cular to the reaction point to Ret M N parallel to the beum as usuah 
Now draw the free bending moment diagram assuming the 
btotn ae freely supported Calculate the area of this bending 
moment diagram and determine the centre of gravity of the same. 
As usual draw two vertical lines at 3 - the span lengths and the 
centres of gravity of the two triangular figures of the negative 
binding moment diagrams must lie on these two lines. Divide the 
free bending moment diagram into two triangles MP^N and P'PN* 
Determine the centres of gravity of these two triangles and calcu- 
late the areas as well. The centre of gravity C. G. of the free 
bending moment diagram will be at the intersection of the centre 



line of the span with tlie line joining the centres of gravity 

of the triangles MP N and P^PN ; sum of the areas of 

these two triangles is equal to ( 50 + 37'5 )*= 87*5D^ Take a 
line e [ equal to this area and adjust this on the C. G. 

line of the free B. M. D. and draw the reaction influence line 

S 

STUV as shown. Now MQ ^ “ area of the triangle MQN — e 


Chap. XII. 


mmD BEAMS. 


181 


42‘5D'^ MQ = '^^^^>=4‘25 feet. NRX'^ = area of the triangle 

NRQ = f ^ = 45. NR=:— ^ = 4-5 feet. Plot MQ-4-25« and NR- 

4*5' and join QR, the resulting bending moment diagram is as 
shown shaded. MQxH*=4'25 x 7'5 tons = 3r875 tons feet is the 
bending moment at the left fixed end ; NRxH = 4‘5x7'5 tons** 
33'75 tons feet is the bending moment at tiie right fixed end. At 
P*=3'5x7‘5 tons = 26'25 tons feet. Shearing force diagram : — Draw 
from pole o a line o d parallel to QR, then c d and d a are the 
reactions at the right and left supports respectively. As usual 
the shearing force diagram is drawn. 

EXAMPLE 5 A beam of 20* span is loaded with a uniformly 
increasing distributed load starting from one of the fixed ends* 
Total load is equal to 25 tons. Draw bending moment and shearing 
force diagrams graphically. See fig. 220, 

SOLUTION . — The action line of the resultant of these loads 
sliould act at the centre of gravity of the loaded diagram and for 
this resultant load draw the reaction influence line shown dotted. 
Select pole O perpendicular to the reaction point as usual and 
draw the free bending moment diagram MPN as if the beam is 



freely suppor- 
ted. Determine 
the centre of 
gravity of the 
free bending mo 
• ment diagram 
as follows. Pro- 
duce the first 
and the last ray 
of the equili^ 
brium polygon 
and let them 
meet at X and 
join X to the 
middle point c 
of the base MN. 
This line inter- 
sects the para- 
bola at P. Div- 
ide the line c^P 
into five equal 
parts and the 
centre of gra- 
vity of the para- 
bola will be at 
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Prom P draw a perpendicular line p dT to meet the base line 
MN at The area of the parabola MPN is equal to the base 
MN multiplied by | the height of p cf “20 x | x 6'37*85 □ nearly. 
Then the area of the negative bending moment diagram should be 
equal to 85 o'. Let MQ and NR be the ordinates representing the 
negative moments at the left and right fixed ends of this beam. 
The area of the parabola MPN=MNX|PD. The area of tlie 


figure MQRNs 


MQ + NR 


xMN 


.MNx| PD*MNx 


MQ + NR 


T . , MQ+NR 

ijeaving out the common terms we have | p a = ^ " * 


hence 


MQ + NR« J p d. Adjust this ^ p rf in the gravity line of the free 
bending moment diagram and draw the reaction influence line STUV 
between the middle third lines. Then the ordinates MQ and NR are 
determined without any further trouble. Plot these two ordinates 
MQ&NR at the left and right fixed ends and join QR the resulting 
bending moment diagram for fixed beam for a uniformly increasing 
distributed load you get as shown shaded in the figure. Values of 
bending moment may be calculated as usual by taking the ordinate 
in linear scale and multiplying the same by pole distance in load 
scale. Bending moment at the left fixed end = 3*3x10 = 33 tons 
feet, bending moment at the right fixed end 5 2x 10 = 52 tons feet, 
K and L are the points of contraflexure as before. 

Shearing force diagram. — Draw from pole o a line o g parallel 
to the closing line QR of the bending moment diagram and the 
resulting shearing force diagram is shaded. 

FIXED AND SUPPORTED BEAMS. 

EXAMPLE 6 : — A beam of 20 feet span fixed at one end and 
supported at the other end. It is to bear a concentrated load of 
5 tons in the centre. Draw bending moment and shear force 
diagrams graphically. See figure 221. 

SOLUTION : — Draw the polar diagram a b o taking afc— 5 tons 
and draw the corresponding equilibrium polygon MPN assuming 
the beam to be freely supported. The area of the free bending 

MN 

moment diagram MPN is equal to x T P and the area of the 

negative bending momen diagram assuming the beam to be fixed 
at both the ends is equal to MN x ft where A— the height of the 

npp T’P 

rectangle. Therefore ft= --x When both the ends 

TP 

are fixed the ordinate - is to be taken on the vertical 

* 

lines drawn at y the span length. ( See figure 215. ) In this 
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FiG. 221. 

A 


example onlj the 
left end is fixed up, 
TP 

so the ordinate— 


^ taken on 

Q 3ca?esy \^^ vertical line 

/= /O'-o'' I drawn at \ the span 

/ r 5 ToAfs. ; fixed 

* end of tlie heam* 

f^-Ls — \ s.A^.D I X ordinate 

1 : I— — beajy. 

knowthe 

I •' bending moment at 

j Jr I ^*’®® supported 

* end iszero therefore 

I X *7^3 ^} the points N & 

^ y and continue it 

to meet Iheleftend 

reactitn line at Q. You observe that the oriiinate MQ will be exactly 
equal to J TP, In this case the line NQ is the closing line of the 
equilibrium polygon or the bending moment diagram. Therefore draw 
from pole o a line o c parallel to this closing line NQ and you get the 
magnitudes of reactions on the 6xed and supported ends of the beam. 
From this you can draw the shearing force diagram as shown. 

Mathematical reasoning: — Suppose the right end support is 
removed then this becomes a cantilever with the load at the centre and 

5 WS^ 

the deflection for this load on the cantilever is equal to The 

free end reaction must be sufhcient to resist this deflection to bring the 

beam horizontal that is, to its original position. The deflection for the 

pg3 

cantilever for a load at the free end is equal to = Now we should 

3 EL 

find this P which is the same as the reaction at the free end. 

PS3 5WS3 . 5WS3 3 El 5 

3E‘l“ 48E1 ' 48EI S3 ~ 16 '^* 


s.r.o. 


Sca/es. - 
A to'-o* 
/'» s Tons. 


S. F. D. 


Afk 


ii,Fr.o.. 


the deflection for this load on the cantilever is equal to 


Free end reaction is therefore W and the fixed end reaction 

lo 

is ( 1 Substituting the value of W we have Wsa 
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16 16 tons; and x5 = ^=r3’4376 tons. From this 

the point c is fixed in the polar diagram and the bonding moment 
diagram may be drawn very quickly. 

The only difficulty is to remember these deflection formulas. On 
measuring to the scale you find the magnitudes of reactions on both the 
ends will be exactly equal to 1*56 and 3*4i tons respectively. The 
oontraflexure point will be at one point K distant -27 S from the fixed 
end of the beam. 


EXAMPLE 7:-. 

A beam of 20 
long fixed at one 
end and supported 
at the other end 
with a concen- 
trated load any 
where on the 
beam, say at 6 feet 
from the freely 
supported end. 
Draw bending mo- 
ment and shearing 
force diagrams. 
See figure 222, 
SOLUTION:— 
Draw the polar 
diagram a h o and the bending moment diagram MPN as if the beam 
is simply a supported one. First determine the magnitudes of reactions 
for this fixed and supported beam by applying the deflection formula 
as follows,— Suppose the right end support is removed, then this 
becomes a cantilever with a concentrated load at 6^ from the free end. 

The deflection = \ 3 / Where W = load in tons Sc=span in 

feet; distance from the fixed end to the load and E and I as usual 
denote modulus of elasticity aud moment of inertia respectively. 

The reaction at the right support must be sufficient to bring the 
beam horizontal. Ulieri the deflection for this cantilever for a load at 

pj^2 

the right free end Now we should find this P which is the 
same as the reaction at the right end. 
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PS* W «* / „ » \ 

3Er“2ElN 

«\3EI 
' 2 El V 3 / 8* 
5xl4xU 14\ 3 El 
' ?El N 3 / 20* 


980 46 3 El 

- 2 El ^ 3 ^ 6000 


>1 


^25^ 

8000 


= 2*8175 tons. 


Plotting 5 c = 2 8175 tons in the load line and joining this point to 
pole 0 you complete the polar diagram. Select any point P on the 
action line of the load AB and draw the equilibrium polygon MPNQ 
which is the same as the bending moment diagram for the fixed and 
supported beam. 

The point of contraflexure is at K, The maximum bending 
moment is under the load AB and is equal to the intercept TP multi- 
plied by pole distance H = 6-70x2-5 tons =16*75 tons feet; at the fixed 
end=MQ x H»5*5 X 2*5 tons= 13*75 tons feet. Bending moment at the 
supported end is zero. 

The shearing force diagram is drawn as usual. 







EXAMPLE 8:~ 

Pigure 223 repre- 
sents a beam fixed 
at one end and 
supported at the 
other end with a 
uniformly distribu- 
ted load of one ton 
per foot run. Draw 
the bending moment 
and shearing force 
diagrams. 

SOLUTION:— 
Draw the free ben- 
ding moment dia- 
gram MPN from 
a polar diagram 


a A 0 as if the beam is simply supported. Now assume the right 


^4 
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snpported end is removed and then this becomes a cantilever with a 
uniformly distributed load. 

The deflection for a cantilever with a uniformly distributed 
WS^ 

load throughout its length «a where W =: total load, S«»Bpan in feet 

E & I are respectively the modulus of elasticity and moment of inertia 
of the section of the cantilever. 


Now the reaction at the right support must be sufficient to 

WS^ 

deflect the beam upwards to tho amount of The deflection for a 

o JcjI 

pg3 

cantilever with a concentrated load at the free end=s - .j We will 

cj Eil 

have to determine thie P which is the reaction at the supported end. 


Therefore 


PS3 WS3 
3 El 8 El' 


„ WS3 3 El 3 

p — V — w 

■“ 8 El 83 ~ 8 


Hence the reaction at the right supported end is | W, and plot 
this I W in the load line as k I, join I to pole 0. From N draw a line 
parallel to I o oi the polar diagram to meet the reaction line at Q. The 
shaded diagram represents the bending moment diagram for a fixed and 
supported beam with a uniformly distributed load throughout its length. 

or 

Draw a vertical line at J the span length from the fixed end and 
take a line XY equal to * the height of the free bending moment 
diagram MPN. Then join NY and continue this line to meet the action 
line of the fixed end reaction at Q, Now NQ is the closing line of the 
bending moment diagram or the funicular polygon, consequently from 
pole 0 draw a line o I parallel to NQ. Then k I and I a represent the 
magnitudes of reactions at the right and left end of the beam. 

Shearing force diagram may now be drawn as usual as shown. 

EXAMPLE 9: — Given a beam of 20 feet span fixed at one end and 
supported on the other end with a uniformly distributed load of one ton 
per foot run extending from the fixed end to a point 6 feet from the free 
end. Draw bending moment and shearing force diagrams. (See fig, 224). 

SOLUTION: — Draw the free bending moment diagram MPN from 
the polar diagram a h o. Without determining the magnitudes of 
reactions at the fixed and free ends it is impossible to draw the negative 
bending moment diagram for the fixed beam. Therefore by using the 
deflection formula for the cantilever we can determine the reaction at 
the supports as before. 
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The deflections 


Now imagine that the right support is temporarily removed and 
this becomes a cantilever with a partially distributed load* 

V — Where W-*totaI lead. 5*-*the 

distance form 
the fixed end to 
the last point 
of the distribu- 
ted load and S* 
span length in 
feet. 

The deflection 
for a concen- 
trated load at 
the free end of 

ti)o cantilever 

P S* 
as 

Where P is the 
concentrated 
load at the free 
end. 



Ws’ 


(« t) 


6El 

14 X 14 X 14 
6 El 


3 El 

s» • 


/ 14Y El 


2744 66 3 El 
‘6 El 4 8000* 


686 X 33 
8000 


2.8287 tons. 


The right end reaction is tiierefore 2*83 tons and the fixed end 
roaction=14- 2’83— 11*17 tons nearly. 

When the magnitudes of reactions are known you can draw 
the B. M. D. similar to the B. M. D. for a simple supported beam. 
The resulting B. M. D. you get without any trouble as shown 
shaded. 

Note : — When you use the defiection formula to determine the 
magnitudes of reactions, you need not draw the free bending 
moment diagram at the very start, but wait till you determine the 
reactions and then you draw the resulting bending moment diagram 
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as shown shaded. Shearing force diagram is drawn as usual. If 
you take pole O perpendicular to the point k in load line you get 
the closing line NQ in the bending moment diagram horizontal. 

EXAMPLE 10 A beam of long with a uniform load of 1 
ton per foot run is fixed at one end and supported at b' from tiie 
other end. Draw diagrams of bending moment and shearing force. 



SOLUTION 
See figure 225. 
We can draw 
the bending mo- 
ment and shea- 
ring force dia- 
grams at once 
if we know the 
magnitudes of 
reactions at the 
fixed and supp- 
orted ends simi- 
lar to the bend- 
ing moment and 
shearing force 
diagrams for 
ordinary supp- 
orted beams. 
Now let us 
assume the right 


hand support is removed then this becomes a cantilever with a 

WS® 

uniformly distributed load and the diflection is equal 

at 15^ from the fixed end. The reaction at the right hand 
support must be sulficient to resiht this deflection. The deflection 

for a concentrated load on the cantilever at 15 from 

Ps* Z’ ^ \ 

the fixed end is / Where P-*the coacen- 


trated load, j — tlie distance from the fixed end to the concentrated 
load, and S=*span in feet. 

These two must be equal if the points at the fixed and supported 
poiitions to be of the same level. 


Therefore 


P^- / 

2 EI\®“ 3 / 12 EF 

^15x15 „ 20x20* 

=^^'2-Er"^^= -nm- 
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p_ 20 X 8000 2EI 
“ 72EI ^ 225 X 15 

— 7 90 tons 

The reaction at the freely supported end is therefore equal lo 
7.9 tons and at the fixed end 20 — 7 90— c 2 lo tons Plotting k Izzy-go 
tons in the load line and selecting any pole O at right angles to the 
point I we get the closing line of the bending moment diagram hori- 
zontal. Draw the bending moment & shearing force diagrams as 
usual similar to the supported beam as shown. The bending moment 
at the right hand support is equal to NR x H=:2 x 7 51=15 tons feet. 
At the fixed end MQ X II=i 15x7 S=85*25tons feet. 


DEFLECTION OF REAMS. (SIMPLE CASES) 

In previous examples we simply made use of the deflection 
formulas without entering into the theoritical investigation how these 
formulas were arrived at We deal here of the same briefly so that the 
students remember well when they happen to deal with bending 
moment and shearing force diagrams for fixed and supported beams, 
and at times continuous beams --Take the case of a supported beam 
of span S with a concentrated load AB at the centre of the beam. 





The maximum bending 
WS 

moment is equal to and 

4 

consider this as theloaded area 
on the beam. The beam bends 
and takes up more or less a 
parabolic form similar to a 
cable of a su'jpension bridge, 
loaded uniformly. See figure 
20 1 page 152. Let KLM be an 
exaggerated form of the bend 
of this beam. Let us consider 


only one half of this cable, and this is kept in equilibrium by three 
loads similar to the suspension bridge. The load Wi is equal to the 
area of half the bending moment diagram; horizontal pull H is 
equal to the flexural rigidityr: (E x i) . T= the terminal tension, and 
d — dip of the cable or the same as the deflection of the 



GRAPHIC STATICS 


Chap. XII. 


beam.Taking timis its about the point K we have Hx<f— Wjx^. 

:• where Wi= the area of the bending moment diagram 

JHi 

for the left half of the beam x -y x — =-^,H=moduIous of 

elasticity multiplied by moment of irertia= E x I, j - the distance 
from the left support to the centre of area of half the bending moment 

C 

diagram - — Substituting these values in the above we have, 

” 3 

Wi X j WS2 S I _ wss 
i6 ^ s^El 48 EI 

Students should remember this rule--- The deflection for a beatri 
with concentrated load at the centre is equal to the product of half the 

area of the bending moment diagram and the distance— divided by 


the flexural rigidity— El; or in symbols 


WS 2 S J WS 2 

48 EI' 


no. 237. 



3 




-y. 

1 1 



y. 

1 

1 

; 

i 

1 

- 5 - 

rL 

1 

1 

1 

1 

1 

1 




Similarly for a beam with 
a uniformly distributed load we 
have (See figure 227) H x 

Wi j ■ d- ^-^where Wi = 
H 

area of halt the bending 

moment diagram 3 „ x — 
^-83 

WS2 - 

— distance from 

24 

the centre of area to the 
moment eentre — and 11 


as before El. Substituting these values in the above formula we 


, WiJ WS2 5^ _1__5WS3 

have - _ X jgS X gj 

Therefore the deflection f 'r a beam with a uniformly distributed 
load is equal to the product of the aiea of half the bending moment 
diagram and the distance of its centre of area to the moment centre 
divided by the flexural rigidity of the beam or in symbols, 

SWS8 

= 384EI 


( 2 ) 
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DEFLECTION FOR A CANTILEVER WITH A CONCENTRATED 
LOAD AT THE FREE END. 


The mszimam bending 
moment is at the fixed end 
which is equal to WS; and ABC 
is the bending moment dia> 
gram. The centre of gravity 
of this bending moment dia- 
gram is at ^ S. Let ML be the 
exaggerated form of the bend 
of the beam. Taking moments 
about L we have. 

Wi X I SssHxd Here 



Wt = the area of the bending moment diagram. 


WS 

2 


X S. This to be 


assumed to act upwards. 

W ,_WS3 
3EP 3EI 


. 2 o 1 WS S 2 _ 1 

<i=W,x^Sx-g=^ X j-Xj-Sxgj, 


.(3) 


DEFLECTION FOR A CANTILEVER WITH A UNIFORMLY 
DISTRIBUTED LOAD THROUGHOUT ITS LENGTH. 



The bending moment . 
diagram is a parabola and the 
maximum bending moments 

at the fixed end. As 

before taking moments about 
L we have. Hxcl = WiX 

g 

. 3 . Here Wi=area of the 
bending moment diagrams. 


d=W,x-|-Sx 


1 W8* 

H “ 6 


3S 1 _WS3 
^ 4 ^EI~8Er 


_ WS3 
~ S 'E I 


,(4) 



m 
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DEPLEOTIOS FOR A. O^TJTILEVER WITS A. COHOEJJT RATED LOAD 
AT A DISTANCE t PROil THE FIXED EXD. 

Bendiii g moment d i a gram 

Fiti.ezo. ^ 


for this position of the load 
is ABC and the maximum 
bending moment is at the 
fixed endssWs. As before 
taking moment about L we 

have Hx<i=Wi X S — s. 

(S-J *) 

where Wt = area of the 
xi 

bending moment diagrams: 

Wa Wa^ , Wa2 /„ a\ 1 Wa^/ av 

-^xs- 2 • Hence d- ^ 3 ) x g El(® a/* 

. A- ^ 

•• ‘‘“' 2 EIV 3/ 



.(5) 


DEFLECTION FOR A CANTILEVER WITH A UNIFORMLY DISTRIBUTED 
LOAD EXTENDING TO A DISTANCE » FROM THE FIXED END. 


The bending moment dia- 
gram for the load is the 
figure ABO and the area of 


F/G. 25A 


this is equal to 


Ws 




Ws2 


Now taking moments 


about the point L we have 

Hx<i = W,(s-ia) .Where 

Wt*>Barea of the bending 
Wa* 

moment diagram = — g-# 





Wa* 
6 El 


(«-i) 


(«) 

-PToiej—Students should remember the above six formulas well as 
these are freely used to determine the reactions for fixed and supported 
beams. 




Chapter XIII. 

ooirriNuous beams. 

A beam is end to be oontinnons wben it ie resting on more than 

two supports. Only the simple oases will be dealt with here, that is to 

say all the supports to be of the same level, 

EXAMPLE 1:— A beam 100 feet long with a uniformly distributed 

load of one ton per foot run rests on three supports, one at each extreme 

end and one at the centre of this beam. Draw bending moment and 

shearing force diagrams. 

80LTJTI0E: — 

See figure 282, 
The first main 
object in these 
cases is to 
determine the 
magnitudes o£ 
reactions on the 
supports^ and if 
you succeedi the 
bending moment 
O* and shearing 
force diagrams 
can be easily 
drawn similar to 
the ordinary 
supported beamSe 
Retaining the 
extreme two 
supports assume 
that the support 
at the centre is 
removed tempor- 
arily! then the 



6 W8® t 

equal to 3gj-g£* (See fig. 227 page 190.) The upward reaction at the 

centre of the beem must be suffecient to resist this from the centre 
support. Now you should assume that the uniform distributed load 
26 
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is removed and a concentrated load is placed ezsotly at the centre, and 
calcnlate what would be the deflection, and the deflection for this 
PS® 

CMe=4g-j^« ( See fig. 226 page 189. ) These two most be equal to 


bring the 


beam at the supports to be on the same level. 
PS® 5 WS® 

48 EI“384 EF 


_5 WS® 
"384 El ^ 


84 £I 5 
S® 


Oence the reaction at the centre support is equal to | W, and at 
the end supports W — | Ws3§ W; then on each end support 

W. Substituting the numerical values for these we have the magni- 
tude of the reaction at the centre snpport= | x 100 = 62*5 tons, and at 
the end supports^ x 100= 18*75 tons. Plot these loads on the load line 
and draw the bending moment and shearing force diagrams as shown 
shaded. The points of contraflexure are at ^ S from the mid support. 
The bending moment at any point may be calculated as usual by taking 
the ordinate of the bending moment diagram at that point in linear 
scale and multiplying it by the pole distance in load scale. 


EXAMPLE 2:— A beam 50' long is supported at the ends and at 
the centre. It carries a uniform load of half a ton per foot run from 
the left support to the middle support and 1 ton per foot run from the 
middle support to the right end support. Draw the bending momeut 
and shearing force diagrams. 

SOLUTION:— This can be solved very qnickly by the following 
method. Draw a straight line DFH, parallel to the beam. Draw the 

bending moment diagram DEF taking the ordinate EB' equal to — 


Where Wi = total load on this span = 25 x J = 12*5 tons, and Sis25 feet 
12*5x25 


then EE' = 


8 


' = 39*06 tons feet. The method of drawing the 


parabola is shown in dotted lines. Similaily draw the free bending 


moment diagram FQH for the right span. 




25 X 2 ^ 
~8 ~ 


625 


78*125 tons feet. Next consider the beam is fixed at the centre support 
B and simply supported at A & C. Then draw the vertical lines KL 
and MN at one third the respective spans on left and right of the point 
F and equal to two thirds the heights of the parabolas DEF and FGH 
respectively. By trial draw lines HO and DO so that the vertical 
intercepts PL and P'N must be equal to each other. This trial does 
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not r^trd much of 
your iA.me, by one or 
two trials you get 
the point 0 without 
trouble. Because 0 is 
the only point which 
satisfies the abore 
condition and no other 
point. The mazimacn 
bending moment is at 
the centre support and 
can be measured to the 
moment scale in which 
the ordinates EEl and 
6G' are plotted. 

The Gontraflezure 
points are K' and Ii'. 
If the whole length of 
the girder is loaded 
uniformly similar to 
the ezample 1| the 


lines KL and MN would be equal and the lines DO and HO would pass, 
ezactly through the points L and N and at a common point 0. 

Reactions at the supports by this method —The distances froia 
the supports to the contraflexure points are measured to the linear 
scale and entered in the diagram. Now this becomes an easy matter 
to calculate the magnitudes of reactions at the supports. The left 
support A is to bear half the sum of the loads that come on the distance 
o' 6'a j X 15*5' X tonsa3’875 tons, as this portion of the beam 
considered to be merely supported. 

The centre support B is to bear ^ fche load of the distance o' 5'sa 
8*875 tons-irthe load that comes on 6' c'sa( 9*5x | + 4.25x I )i-hal£ 


la 


of the load of the distance c' d'=: 


20-75 X I 
2 


.= 10-375. Total 3*675 + 


9 + 10'*375s= 23*25 tons. This portion of the beam is considered to be 
the doable cantilever. 

The third support 0 is to bear half of |ihe loads that come on the 
20*75 

distance c* d'=s — — — ss 10*375 tons and this portion is considered to be 
supported beam. 
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The valnes of 'the bending moment may be verified by Calpeyron’i 
Theorem of Three Moments. 

It rnns thna.-MA S, +2 Mg ( S, + Sa ) + M* Sa* 6 ( ^ + ^ ) 
Where MAaaBending moment at the left support. 

Mbs m m central ,> 

Mc=« „ „ right „ 

&t => Length of left span. 

«2 = » right „ 

At a Area of the free bending moment diagram for the left span. 

•^2 — »> » ft » » » right ff 

•t a: Distance from G. Q. of the area of th&B. M. D. for the left span. 
*2 ™ >» ft >i H XI It ft right ff 

Sabstitating the nnmerical valaes for the above we have— At a 
25x|x39-06=.651; A2=25 x |x78*125=I302. 2i=#2»12‘5. MASt + 

2MB(St + Sa) + McS2=6(:^^+^^)«MA 25 + 2 M» (25+25) + 

M OK / 651 X 12*5 . 1302 xl2’5\ 

Me 25=^ — 5 — + 25 /• 

25 Ma+ 100 Mb+25 Mc= 6 x 976*5 = 5859. Dividing this by 100 
we have *25 Ma+Mb+ ‘25 Mc»a58‘59 tons feet. We know the bending 
moments at A an d G are eqnal to zero, therefore MB =58*59 t<ms feet Ana. 


The ordinate FO. below the central support exactly measares 58*60 
to the load scale employed in the diagram. This shows the aceoraey of the 
first method, This is the negative bending moment at the central support. 

Reactions at the supports.— Take moments about the central 
support, you have then reaction at A x25 — 25x ^ X 12*5 = Mb=3 — 58*60l 


Hji 


156*25-58*60 97*65 
25 ”25 


8*906. 


Again take momenta about the central support.— 
Reaction at Cx25— 25x 1 x 12*5= MB a— 58*6 tons feet. 


.*. Rc = 


312*5-58*6 253-9 


= 10*156 tons. 


25 ” 25 

Then Rb = 37-5- 14-062= 23*438 tons. 

The error in the magnitudes of reactions is very small and may 
be neglected, but if the drawing were to be drawn to a bigger scale and 
accurate in drawing the profile of the parabola we will not get any 
difference at all in the values. 

The shearing force diagram is drawn as usual and shown shaded 
in the diagram. ^ 
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lZ4MraS 3:<»A beam is oontinnoas over tiiree spaae of 20, 25, 
and 15 feet and oarrioB a nniformly distributed load of one ton per 
foot rnn over tbe first and second spans and 2 tons per foot rtan ore# 
the third span. Draw the bending moment and shearing force 
diagrams. Refer fig. 234. 


^/a, 234. 






l{r^^ — 

tU ' « 


A 

‘ [V>^ B. Bl 

' V\ «^*« 
4^. ■ i 

V*/ i “/ a J 

: % 

' *'V v' 1 / 1 

« 1 

• • 

1 • 

' 'li I " 1 

t ; 11 

^ 

4 


1 ' 


.53=/C 




5. F. D. 




Scales... 

/» 2o‘-o'‘ < 

/''•eoTtws rssr 


/ •6QTo/^s roF s.F.o. 



SOLUTION. — Draw the free bending moment diagrams for all the 
three spans and calculate the bending moments at the two intermediate 
supports by Clapeyron’s Theory of Three Moments, as follows.— >See 
figure 234. The supporting points are A, B, C and D, and the free 
bending moment diagrams are parabolas and the maximum bending 

WS 

moments according to the formula for each span are 50, 78*125 and 

56 '25 tons feet respectively. Areas of these three are equal to 20 x 
50x I, 25 X 78*125 x §, 15 x 56*25 x namely 666*66, 1252*08 and 562*5 
tons feet* respectively. 

Taking tbe first two spans we have.— 

M*Sx+2Mb (Sx+Sa)+McSa*6(^^|^+^) 



m 




(MB, SOB 


Ma 20-f 2 (20-(-85)4 Mo 25s.6 


/W6*66xt(y .12S8 Mxl2-5\ 
N 2a ■*“ * 25 / 


2a Ma +90 Mb + 25 Me ss 5756*22. We know Ma s 0. 

9a Mb + 25 Me s 5756*22. Dividing^ this 25 we get * ' 

8*6 M,+ Me as 230 25 ( I ). 

Next taking tbe second and third spans we have again.— 

MbB 2+2 Me (Sa+S8) + MDS8*6(:^ + ^)as25 Mb+80 


Me+15 Moss6 ( 


1252*08x12*5 562*5x7*5 


25 


15 


) 


5413*74. 25 Mb + 80 


Me+15 Md~5413*74. Since MdsO, we have then 25 Mb+ 80 Mes 


5413*74. Dividing this by 25 we get Mg +3*2 Me s 216*54..... ( 2 ) 

We have ebtained row two simnitaneons equations ( 1 ) and ( 2 ) 

thus 8*6 Mb + M e = 230*25 ( I ) 

Mb + 3*2 Me=216*54 (2) 

Multiplying ( 2 ) by 3*6 and subtracting the same from 1 we get. 

3*6 MB+Me a: 230*25 ( 1 ) 

8*6 Mb + 11*52 Me = 779*54 ( 2 ) 

-10*52 Me =-549 29 

.*. Me = -^^^ = 52*21 tons feet, 


Substituting this value in ( 2 ) we have, — 

Mb + 3-2 Me- 216-54. 

Mb + 3'2x 52-21 =216-54. 

/. Mas=216-54-167-07 = 49-47 tons feet. 


Plotting these values in the diagram we get the resulting beading 
moment diagram shown shaded. 

Let Bbi Bcy and Ed be the reactions at the supporta Ay By Gy 
and Dy respectively. Taking moments about the support B.— 
RAX20-.wx20xl0sr-MB. 

Ba 20- 1 X 20 X 10 = - 49*47 tons feet. Ba = s 
* 7 * 5*2 tons. Ba = 7 52 tons. 


Taking moments about C we have 

Ba (120+25 ) + RbX 26-( w x45 > -Mc= -52*21 tons feet. 


7 5 x 46+Eb 26 —52*21. 


Eb = 


1012*5-337*5-52*21 622*79 


25 


2o 


' 24*92 toes. 



OOpIflllOOB^ SMI s. 




iJttii 


, LafUj faking monaeBto abont the aupport D we get 
Ra ( 20+25+15 ) + Rb ( 25 + 15 ) + Rc l5-(W,xt5x7'5)- 
( W'x25x27’6 )—( Wx20x60 )«Mdi where Wwsloftd per foot ran 
over first two spanss I ton per foot ran. 

Wise „ „ „ „ „ the third spans; 2 tons „ „ „ 

Md* Bending moment at Ds;0. 

7'62x6O+24-02x4O+Rc 15-(2x 15x7*5 )-( 1 x25x276 )- 
( lx 20+ 50 )*0. 

^ _ _451*20-996*8+225+687 5 + 1000 1912*5-1448 

Be- iQ - j5 « 

464*5 

Re* 30*966 tons. 

10 
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Rds® 75 tons— 
RA^ liB-l-Bc«75-7* 
52 + 24-92 + 30-96 as 
11 ‘60 tons. Kb s 11*60 
tons. 

EXAMPLE 4 :— 
A beam continuoas 
over two spans of 30 
and 20' respectively 
carries con cent rated 
loads as shown in 
figure 235. Draw 
bending moment and 
shearing force dia- 
grams.-— 

SOLITPION 

Determine the reac- 
tions Kai Rb and Be 
as if two beams are 
independent and 
merely snpported, 
thus.— Ba X 30-8 X 


22+5x15+2x8. Ra = -^— = 5*23 tons. Then Rb—IO- 5-235a 

4*77 tons. Now calculate the free bending moments at different points 
and plot them as shown. BMisBaIlA>^^=5’23x8sa41-84 tons feet; 
BM2=a5-23xl5-3x7-78-45-2l«57‘45 tons feet. 



GRAPHIC STATI08. 


Qt4». xni. 


BMssRb x8s4‘77x89i 38*16 tons feet. 

Now coming to the right span we get— 

Rb X 20s: 8 X 5 h-A X 10-{-6 X 15. Rg =s ^ = 8*5 tons feet. 


Rc= 18— 8‘5s:9'6 tons feet. 

BMt'sBBx5s:8‘5x5ss42‘5 tons feet. 

, BM2's8'5x 10— 6x5ss85— 30ss 55 tons feet. 

BMg' s Be X 5 = 9*5 X 5 s: 47*5 tons feet. 

To any suitable scale plot these values of the free bending 
moment as shown in the figure. By any convenient method get the 
centres of gravity of these two bending moment diagrams, and calon* 
late the areas as well. 

Then apply Glapeyron’s Theorem of Three Moments thus:— 

Mx 8| + 2 Mb ( Si+ 82 I + Mq 82^6 ^ 

Ai=s 1006 tons feet A2«725 tons feet*, 15', S2=9*5'. 

Mx 30+2 Mb (30+20) + Mc 20=6 ( + 

Mx 30+Mb IOO+Mc 20=5084*22. Dividing the whole expre* 
ssion by 100 we get *3 Mx+Mb + *2 Me=50'84 tons feet. Since Mx 
and Mc=0, 

Mb = 50*84 tons feet Answer. 

Plotting this valne at the support B we get the resulting bending 
moment diagram as shown shaded. 

Magnitudes of reactions are now to be found out thn8.—Rx x 
80— 2x8— 5x 15— 3x22=— 50*84. The bending moment at B is 
negative. 


Ra* 


16+75+66-50*84 

30- 


3*54 tons. 


Taking moment centre about B we have. 

ReX 20-6 X 5-4 X 10-8 x ld=MB= -50*84. 


Rc= 


30 + 40 + 120-5084 


20 


=6*96 nearly. 


Rb= 28—3*54— 6*96=17*5 tons. 

The only difficulty in this example is to determine tbe centre of 
gravity of the free bending moment diagram. The best way to get 
this point is to cut the templates in tracing paper and suspend the 
same from two positions alternately and the intorseoting point of these 
two straight lines is the C. G. of the free bending moment diagram. 
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INFWBNOB LINES ANP INFLUENCE DIAGBAMS. 

Definition:-— An inflaenoe line is a lino which shows the variation 
of a reaction, bending moment, shear and stress, when a single concen- 
traited load moves over a beam or girder. This inflaenoe line is most 
nsefat in determining the reactions at the supports and bending 
moment, shear or stress at a particular point in a beam or girder for 
a moving load or a system of moving loads, 

" This can be made clear by the following examples: — Figure 286 
shows a beam supported at both ends on a clear span of 20 feet and a 

single concentrated load of 
one ton rolls over it. It is 
required to determine the 
reactions at the supports for 
the various positions of this 
moving load over the beam 
by an influence line* 

Here the line a & is taken 
to represent the given bad 
A6 to a scale of l^=al ton, 
and a rectangle DEFG is 
drawn taking DG and EF 
equal to a 6. The diagonal GE is drawn. Now consider the load to be 
on the left support, the reaction at this support is equal to the load 
itself =1 ton, and the ordinate DG measures 1 ton, the reaction at the 
right support is zero. When the load moves J of the span say 6' the 
reaction at the left support=R 4 ,x 20=sl x 15. .% RL= 2 a = f ton, and 

Br— 1 — J ton. You observe these two values f and ^ ton directly 
nnder the load at \ of the span. Similarly when the load stops at | 
and I of the span the magnitudes of the reactions on both the supports 
can be determined by the ordinates of the triangles DGE and EFG. 
Hence for any position of the moving load the magnitude of the reaction 
at the left support can be measured by the ordinate of the triangle 
DGE and at the jright support from the ordinates of the triangle EFG. 
7he diagonal GE shojvs the variation of a reaction for this moving load 
AB, hence this line GE is tbo reaction influence line for the |^Ct 
29 
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support and the line EG ia the reaction inflaenoe line for the right 
support. (See example 3.0 page 41)* 

Now suppose that a concentrated load of 10 tons rolls over the 
same beam instead of one ton. The magnitudes of reactions on both 
the supports can be obtained by multiplying the load with the ordi- 
nates of the unit load thus.— The reaction at the left support when the 
10 ton is directly on the loft support = 10 x 1 =al0 tons and the reaction 
at the right support is zero. Again when this load is at \ of the span 
the reactions on the left and right supports are 10 x | = 7*5 tons and 10 x 
^ = 2*5 tons respectively. Similarly for every position of the rolling 
load on the beam the magnitudes of reactions can be easily obtained* 

Next, instead of a single concentrated load, let a series of loads such 
as the locomotive axle loads pass over the bridge as shown in the figures 
237 and the magnitudes of reactions on both the supports may be deter- 
mined. Hero and E'F' equal to one ton and E'G' is the diagonal* 
The magnitude of reaction on the left support for this position of the 
locomotive ia equal to (8 x *98) + (8 x *91) + (9 x *84) + (9 x *75) + (9 x .65) 
+ (8 X *47) + (8 X *38) + (8 X *29) =. 44*40 tons, and the reaction at the 
right abutmeut=s67— 44’40=a22*60 tons. 



Maximum rolling load reaction on the supports will occur when 
the locomotive axle loads approach towards one end of the girder as 
shown in figure 237. At times we get the maximum shear when the 
first load AB ia off the girder and the heavier loads approach to one 
end of the girder. In this position of the axle loads, the reaction may 
be maximum on the left support, if the same loads were to move towards 
the right end of the girder, the magnitude of the reaction will not be 
maximum as the heavier loads are not nearer to this end* (See also plate 
I fig. 58). By one or two trials we are to determine the maximum shear. 
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INFLUENCE DIAGRAM AND 

INFLUENCE LINE FOR BENDING MOMENTS DUE TO A 
SINGLE ROLLING LOAD OVER A BEAM OR GIRDER 


Figure 238 (a) is a supported beam. It is required to find the bend- 
ing moment at P for every position of a moving load W which is equal 
to one ton. Let the point P be selected exactly at the centre of the 

WT Bi 

span far the sake of simplicity. Now R[x S=W x = 

B. Mp=RiX«ss-^x«. Here b and «j=2' • • 

Since W=l* BMp=^, /. the ordinate c We know the 

bending moments at the supports are equal to zero. Now the triangle 
a c b is the bending moriiont diagram for a simple supported beam with 
the load W at P. Next we will prove that f )r any position of the load W 
on the beam the bending moment at P will be equal to the ordinate drawn 
from the load vertically to the triangle a 6 c at that position thus.— 
Suppose the load W moves from P to P' at a distance | S from the right 

1 W 

support. Now Ri xS=aWxJS, Ri = Wx J Bx-^=s— , 

S W S S 

Rt X -r- = -p X Next we will have to prove that the ordinate e h 

2 4 ^ o 


g 

drawn from the load to the triangle a 6 c is equal to -q-. The two tri- 

o 

angles deb and e h b are similar, therefore d e: e hy.d b: e b. cdx 
eb^ehxdb. e here c e 6 = ^and d Substi- 


tuting these values in the above we have e h ■■ 


S S S2 


4^4 


S 


16 ^ 8 “ 8 


S 

2 


as before. Hence the ordinate c A is equal to the bending moment at P 
or for the position of W at Pt the bending moment at P is equal to the 
ordinate e h, and for any position of W between A and B the bending 
moment will be shown by the corresponding ordinate of the triangle abo* 

It is quite clear that the line a c & is the influence line for the 
bending moment at P due to the passage of the unit load W across the 
span and the triangle a 6 c is the influence diagram, 


Produce a c and h c to meet the reaction lines Ra and Rt at I and 
m- Take for instance the straight line a I, it starts from and at a 
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ol \ B mewuT^d \iOT\wmta\ly it tas the vertioal oidinate / It 
ec\aa\ to ^ 8, at a diBtance of | S the vertioal ordinate ia <i c which is 
equal to | at a distance of | S the vertical ordinate e o should be 
equal to | S and at a distance of S the vertical ordinate is | S which is 
equal to Si. Similarly the straight line 5 c if produced to meet the 
reaction line Ri, it will meet the reaction line at m and the vertical 
distance a m will be exactly equal to a. 

From this it ia observed that this is the equation of a straight line 

inclined to the horizontal by an angle whose tangent is 

Now we can get the point c without calculation by setting down 
from b a depth equal to at and from a a depth equal to a and joining 
across^ we get the required point e« 

As an illustration see 
figure 233 (6). Now let the 
point P be selected any where 
on the beam and we desire to 
find the bending moment at P 
for every position of a unit 
moving load W. 

Plot from b, a distance 
h I down equal to ai and from 
Uf a distance a m down equal 
to a and join across, the 
intersecting point is c. Then 
the triangle abc and the line 
a c b are the influence dia- 
gram and the Influence line 
respectively for the bending 
moment at P due to the 
passage of the unit load W 
across the span. 

If instead of one load 
let there be a group of loads 
such as exle loads of a loco- 
motive, roll over the span, the 
total bending moment at P is equal to the summation of all the products 
of the axle loads and the corresponding ordinates in the influence dia« 
gram due to a unit load. For example asBume the position of three 
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*«xle lottds to be at P2 P Pi fig* 2 S 8 (a), and caU them W2 W Wi, 
Then the total moment at P— ( xf ^ ) + (W>cc cf)+CWiXe h j= 
(W2XiS)+( Wx|S) + ( W, xiS ). 

When the beam is traversed by a uniformly distributed load 
extending throughout the span length, the bending moment at P 
is equal to the area of the influence diagram ab c multiplied by 
the load intensity. The students will get clear conception of all 
these in the numerical examples which follow shortly. 

INFLUENCE DIAGRAM AND [NFLUENCE LINE FOR THE 
SHEARING FORCE DUE TO A SINGLE ROLLING 
LOAD OnTER A BEAM OR GIRDER. 

The students are advised to study the shearing force diagram of 
example 30 page 41, before proceeding to follow the influence line 
of shear in this page, as the same diagram is again brought in here. 



4 


Figure 239 repre- 
sents a supported beam 
and a oonsentrated load 
AB rolls over it. It is 
required to find the 
shearing force at P for 
every position of mov- 
ing load AB over it. 

Now then, when 
the moving load is at 
the left support the 
shear at P is zero, 
when it moves to P 4 
the shear at P is equal 
to—P^ P 4 . Similarly 
when the load moves 
to P, Pi, Pji and Pj 
the shear at P is equal 
to the respective ordi- 
nate^sPP, Pi Pi, Pa P-j* 
P 5 P|i ; the total shear 
at P is equal to PP+Pi 


Pl+Pt Pff + Ps PS-P 4 P 4 The reActiun influence lines also are 
shown in fig. 239 tor the verification of this fact. 

The lino KMPPL is the shear influence line for the section P 
in this beam, and the two triangles KPM and PPL togetiier form 
one influence diagram for the same section. 

If instead of a unit load any other snch as locomotive axle 
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loads were to travel, the ordinates got for the unit load are to be 
multiplied by their respective axle loads. 

When a uniformly distributed load travels and covers the 
whole length of the beam, the shear at the section P is equal to 
the area of the influence diagram FPL minus the area of the 
diagram EPM. 

EXAMPLE 1 : — A beam of 60' span is traversed by a locomo- 
tive whose axle loads are as shown in figure 240. First determine 
the bending moment and shear at a section P, 25 feet from the 
left support for the given positions of the loads ; secondly deter- 
mine the positions of these loads for maximum bending moment 
and shear at the section P. 



SOLUTION : — First draw the influence diagram a h c placing^ 


Qc: 7 

one ton at P thus— Rj x 60«1 ton x 35, R i ~ “TH" 


Rr = 


12 * 


Then B, Mp-B, x 25= x 25= 14 58 tons feet. Draw cfe=H 58 


tons to the scale. Now the line a c h ip the influence line of 
moments for the section of the beam at P. The ordinates under 
the axle loads in the influence diagram give the bending moments 
in tons feet at the section P due to a unit load at each of these 
positions. The total bending moment at P for the position of the 
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axle loads is equal to (8x4 08)+(8x7'87) + (19x ll*37) + (20xl3-85) 
+ (17 X 10Al)-765-6 tons feet. 

The figure DGEP is the shearing force diagram for a unit rolling 
load, and the influence line for a unit load at P is GHKLE. Total 
shear at P is equal to (— 8 x 'll)- (8 x •23)-(19 x •32) + (20 x *54)+ 
(1? X -4)-- 8-8+ 17 6-8*8 tons. 

POSITION OF THE LOADS FOR MAXIMUM BENDING MOMENT AT P. 

To get the position of these loads tor the maximum bending moment at P see figure 241. 
Before locating the position of these loads we will have to know where the line of 
action of the resultant of this system of loads passes Action line of the resultant must 
pass between 19 and 20 ton axle loads. We can verify this by drawing polar diagram 
and its corresponding funicular polygon. Therefore the maximum bending moment 
at P will occur when 19 or 20 ton load stops at the point P. Now let the axl'e 





loads move to the right so that the 19 ton axle load be exactly at point P. then the 
ordinates for the unit load under the axle loads 8. S, 19, 20 and 17. tons are 7 29. 11*08. 
14*58, 11*56 and 8*12 tons feet respectively, the total bending momenttt(8x7 29) + (8x 
ir08) + (19xl4*68) + (20>«ll*66) + (17>«8 12)««793-22 tons feet. 

Again bring in the 20 ton axle load under the point P, the 
ordinaten in the influence diagram for the unit load under the axle 
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loads 8 , 8 . 19, 20 and 17 tons are 3-06, 6‘85. 10 35, 14 58 and 11-U 
tons feet respectively and the total bending moment at P «:(8 x 3*06) 
+(8x6-85)+(19xl0*35) + (20x 14*58) + (17x11 14) *756*91 tons feet. 
It is evident now tliat position of the loads gives us the maximum 
bending moment, when 19 ton load is at P. Any other position of 
this system of loads gives us always less. 

POSITION OF THE LOADS FOR THE M-AXIMUM SHEAR AT P. 

Draw the shear influence line for a unit load at P as shown in 
fig 241. Now take a tracing paper and trace out in a fine pointed 
pencil the axle loads and vertical ines and place this tracing paper 
so that the piloting or the front 8 ton wheel be exactly at P. The 
ordinates for the unit load under these axle loads 8 , 8 , 19. 20 and 
17 tons, are *58, •47, *37, *25 and *12 tons respectively and the 
total shear = (8x *58) + (8x 47)+(19 x *37) + (20 x *25) + (17 x 1 i) « 22*56 
tons. 

Next bring in the second 8 ton wheel at P, then the front 8 ton 
wheel will be to the left of the point P and gives you the negative 
shear and the heavier loads to the right of P give you more positive 
shear. In this position of the loads, the ordinates in the influence 
diagram for the unit load under the axle loads 8 . 6 . 19. 20 and 17 tons 
are — ‘3, *58, '48, *36 and *22 respectively and the total shear at 
P *(8 X - -3) + (8 X *58) + (19 x *48) +(20 x 'SGl+lH x *22)“24 7 - 2 4-22*3 
tons. Any other position may give you less shear at P and to 
verify this, bring the 19 ton load at P and the ordinates for the unit 
load under the axle loads 8 , 8 , 19, 20 and 19 tons are- 2,- ‘3. *59, 
*46 and *34 respectively and the total shear at P = ( 8 x -~’ 2 ) + ( 8 x — 
•3)+(19x-59)+(20x-46) + (17x-34)=26*19-4*0«22*19 tons. This is 
less than the previous one, and the maximum shear at P will occur 
when the front 8 ton wheel stops at P. The maximum shear at P« 
22*56 tons. 

EXAMPLE 2 A beam of 50 feet span supported at the ends 
is traversed by a uniformly distributed load of 2 tons per foot run. 
Determine the bending moment and shear at the centre of the beam 
when the advancing distributed load covers half and full span. 
(See fig. 242) 

SOLUTION : — The point P is at the centre of the span. Draw 
the influence diagram a b c for a unit load thus. Ri x 50««W ^ 25. 

W 25 

BM p— Ri X25*ri X 25— 12 5 tons feet, plot ccf- 12*5 
WS 1 X 50 

tons feet * — - — — — ; — « 12*5 tons feet, to a scale of V * 20 tons feet. 
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Mef$ ym Qb$f^9^e &9^ry poif^t in Ipadad and a6 every point there is 
an erdinste pfr (bat lo^.^ under (he mduence diagram for a unit load, 
and thejpefope the handing foment |op any portion of the distributed 
load QUtha beam is represented by that portion of the influeoce 

When the distri- 
buted load advances 
to the centre of the 
beam, that is 25' from 
the left end, the bending 
moment at P is equal to 
the area of the influence 
diagram adc multiplied 
by the intensity of 
the loads* ® 2 ~ ^ ® 

feet X 2 = 3 1 2 5 tons feet. 

Again when the 
advancing distributed 
load covers the whole 
span the bending, mo- 
ment at P is equal to the 
area of the influence 
diagram a b e which is 
eqjual to ^ X 12-5 tons 
feet X 2 = 625 tons feet 

and this should be equal to ^ ^ ^ ^9 , -a 625 tons feet. 

o o 

Shearing force; — When the distributed load covers half of the 
span the shear at F is equal to the area of the shear influence diagram 

25 1 

GKH which is drawn fora unit load = x ^ X2= 12*5 tons, in this 
case this is negative shear. 

Again when the whole span is covered by the distributed load the 
ehear is equal t^ the area of the influence diagram LKE — the area of 
ibe influence diagram 

Nbte:—{ 1 ) In computing (he areas pf the bending moment influ- 
ence di^grcotpa, hcrizontal distances are to be taken in linear scale and 
the vertical ordinates in tons feet or tons inches as the case may be. 

( 2 ) In shearing force influence diagram the horizontal distances 
we to be tabee iu linear scale ^^nd verticals i^ load scale. 

27 


diagram under the distoibi^ted loed# 





‘•ii 
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EXAMPLE 3; — ^The same beam of example 2 is traversed by a 
partially distributed load of 2 tons per foot run extending over a dis« 
tance of 20 feet. Determine the position of this distributed load which 
would cause bending moment at P the centre of the beam a maximum. 
What is the shearing force at P ? At what position of the distributed 
load the shear at P be a maximum ? 

SOLUTION:— Since the area of the influence diagram under the 
distributed rolling load represents the bending moment at P, there is 
no other position for the distributed load but centre of the beam to 
give the maximum area. Therefore let the centre line of the distri- 
buted load coincide with the point P as shown in figure 243, Then 
the bending moment 
at P is equal to the 
area of the figure cfg 
c h multiplied by the 
intensity of the load. 

Area of this figure is 
equal to the area of 
the rectangle e f g 
A + the area of the 
triangle c A = ( Tj X 

50=200. Bending 
moment at P=200x 
2 = 400 tons feet. 

Shearing force 
at P for this position 
is equal to the alge- 
braic sum of the areas 
MNHK and KLQS, 
which is equal to 

KLQS-MNaK = 0. 

The position of the load for maximum shear at P, is to ma^ce the front 
or the rear end of the distributed load to coincide at P, Assuming the 
motion of the load is from left to right, the maximum negative shear 
is represented by the area of the shear influence diagram KHU'T' 

• 1 I •K V 90 V 2 

maltipHed by the load intensity a =:— 12tons. We get 

the maximam positive shear of 4- 12 tons at P when the rear end of the 


F/g, 243. 
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distribatdd lo&d ooiooidss with P. In this osss ths &r6ft of tho figpiro 
LETU is to be teken. 

^ote: —In getting the position of the load for mszimnm bending 
moment at P when P is not at the centre of the beam, care mast be 
taken that the ordinates projected from the extreme points of the 
travelling load to the bending moment influence diagram should always 
be e^ual viz* e H n^uSt be e(][ual to f q in any case, yon will have to 
shift the load either to right or to left of the point P till this condition 
is fulfilled. See the next example, 

EXAMPLE 4:— Given a supported beam of eo* span which is tra- 
versed by a partial uniformly distributed load of 2 tons per foot run for 
20 feet long. Determine the position of this distributed load for a 
maximum bending moment at P, The position of the point P is 20 fee(i 
from the right support. Determine the shearing force for this position, 

SOLUTION:— Draw the 
influence diagram a b e for 
a unit load as shown in 
figure. Rix60=Wx20. Ej 
eo~S' Pfinding moment at 
P=aBix40 = |x40= 13'34 
tons feet. Drawcd = 13’33 
tons feet. Then the triangle 
(t h c is the influence diagpram 
for the unit load W at P. 

As suggested in the 
note of the last example the 
ordinates eh and^^ projected 
from the extreme ends of the 
distributed load must be equal 
to each other. This truth we 
learnt from the previous 
example by locating the point 
P exactly at the centre of 
the beam. In this example we will have to calculate by similar triangles 
the distance c k or c g as follows — the two triangles ehg and sab are 
aimilar, c a : c &::a b : A caxhg = ohxah. We know eda 

13‘33, a (2=40' and c 13 33^a42‘16 feet. Substituting this 

value in the equation we have 42’ 1 6 X 20= c A x 60, c A = 

14’05 feet. Taking a A = 14*05 feet in the linear scale^ we draw the 
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figure efgch in the bending motnent infliietiod diegriitli 8 C* 
this positif^n of the distributed moving load the bending molneni it P 
v^ill be a maximum. By plane geometry we knjw that if two parallel 
straight lines are intersected by another two parallel irtriright linesy 
this will have parallel segments, and these parallel eegmerits are equal 
to each other. In this example take a 5sas20' and 6 d is already eqtial 
to 20', and from a and d draw straight lined parallel to i e and h C, 
then h g the common segment and it must be equal to a s or 6 d. 
From h and g erect perpendiculars h e and gf, and these must be equal 
to each other. 

Shearing force: — Ihe shear linfluence diagram for the point P ie 
as usual the figure MNOPQM. and the value of the shear at P for the 
position of the distributed load is equal to the area of the figure OP 

/' g'-tho area of the figure PQ A'c' = ( x 6*5 x 2 )-( x 


13*5x2 )=a3 64- 14-98=»- 11*38 tona. 


EXAMPLE 5;— A beam 
20 feet long is supported on 
both the ends and carries two 
smaller beams at 10 feet 
interval in the centre as 
shown. These two small 
beams carry a cross beam 10' 
long with a concentrated load 
W=»l ton placed exactly at 
its centre as shown in the 
figure 245. 

Draw bending' moment 
and shear influence lines for a 
point in the centre of the beam 
and show clearly the shape 
of the influence diagram. 

SOLUTION: — Assume the 
load W to be exactly at the 
centre of the bottom main 
girder, draw the iufluenoo 
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line ao b for this position of the load at P as usual. Now the bending 
moment at P for any position of the load W between I* hnd ^ is repre* 
aented by the ordinate in the triangle c d b M that position, Similarly 
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(rhe bending moment at P for anj position of the load between Pilnd A 
is represented by the ordinate in the triangle a d o» 

Actual loads on the main girder AB are at f and e and each is 


W 

equal to because the load is exactly in the centre of the top beam. 

a 


W W 

Bending moment at P for -5- at e is equal to -^xg h, simialrly bending 

A A 

w w 

moment at P for -55- at foal Jfc X -jp. Therefore the total bending moment 
WWW 

at xg X I { g h+l k ). Substituting the numerical 


values in these we get the total bending moment at Pa=i ( 2J + 2J )2=i 
|=2i tons feet. Plot d n equal to24 tons feet, then the ordinates 
g hf d n and I k are equal to one another and a line joining points 
k, n and h must be a straight line. Hence the bending moment influ- 
ence line is a k n h b. and not a c b. In such case as this the bending 
moment influence line is to be drawn, by first drawing the influence line 
for a unit load at point P and then projecting vertical lines from e and 
f where the loads are actually acting, to intersect the lines a c,,and 
h c at k and h respecively and finally points k and h are to be joined. 
The line a k h b is the influence line for the bending moment at P, 
The figure shown shaded is the bending moment influence diagram. 

Shear influence line:~Draw the shearing force diagram for a 
travelling unit load, and draw the shear influence line NRSO for a unit 
load W at P assumed to be on the bottom beam. Now the shear at P 
for any position of the load W between P and B is represented by the 
ordinate in the triangle SXO; ordinate in this triangle gives you positita 
shear. Similarly the shear at P for any position of the load W between 
P and A is represented by the ordinate in the triangle XRN. 


Actually the loads are at e and/ and each is equal to and for 


these positions of the loads at e and / the ordinates in the shear influ- 
ence line are TU and VW respectively, then the total shear at P 
is equal to TU VW a^O, You know the ordinate TU is positive and 
VW is negative but the ordinate TU is equal to the ordinate VW and 
hence the total shear at P=30. The positive shear TU gradually 
reduces itself into nothing at X and from "S, the negative sheax^ increases 
gradually from nothing to the ordinate VW at/ 

The line joining TXW must be a straight line. The shear 
influence line in this case is NWTO and the line NO is common as u^uaij 
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and the shear inflaence diagram is shown shaded. In such type of 
example as ibis, first the shearing force diagram is to be drawn for a 
travelling unit load, and a shear inflaence line for the position of the 
load at P. Laslty from the actual load points such as e and/ vertical 
lines are to be drawn to intersect the influence line at W and T and these 
two points are to be joined with a straight hne. 

Note : — Suppose the load W is not exactly at centre and remains 
to one side of the beam say nearer to/, but still the same constructions 
and procedure should be followed. For example see figure 246. In 
this the same method is followed and the shaded figures represent the 
bending moment and shearing force inflaence diagrams. 
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^ EXAMPLE 6:— A Warren 
girder has 6 panels each 10 feet 
long and carries a rolling load, 
greater than the span of 2 tons 
per foot run. 

Find the maximum forces 
in the members of the second 
panel from the left end. 

Draw the influence lines 
for bending moment and shear. 

( B. 8c. (EiJg.) Part II, 1931. ) 
SOLUTION;— This is a fra- 
med girder and you are required 
to determine the stresses in the 
members by means of influence 
lines, that is from the bending 
moment and shear force influ- 
encelines. See figure 72 page 56« 
There you observe that the chord stresses are determined from the 
bending moment diagram and the stresses in the sloping members^ 
from the shearing force diagram. In this diagram of figure 247 you 
are required to determine the stresses in the members MN, MZ and ZN. 
Now bring a unit load W at P the centre of the second panel. The 
bending moment for a unit load at P is to be calculated as follows.— 
R|X60=:Wx45 = W = | W. and BMp^Ri x = f Wx 15=11 

*25 tons feet; chord stress is equal to the bending moment divided by the 

1 1*25 

depth of the girders* 8* 66'. Chord atressss — = 1*3 tons nearly. Take 
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tbdtcVS tons and draw tbe inflnenoe line a e 5, jon must remember 
that the load W is not resting directly on tbe panel MN> bat it rests 
oil the rail bearer or stringer and transmits tbe pressure on the 

//<?. ^ 47 . 


A^/VA/V\ 



joints M and N througb the floor beams. See figures 245 and 246, 
Therefore actual loads are at M and N, and consequently draw vertical 
lines from M and N to intersect the influence line at e and f as 
shown; the influence line is now, aefb and the figure aefha 
is the influence diagram. Since the distributed load is more than 
the span the maximum stress in M N is equal to the area of the influx 

ence diagram aefha. Area=:^ ^ ^ 

^ X '875 = 38*126 tons. The load intensity is 2 tons per running foot, 

therefore the stress in M N = 88*125x 2=376*25 tons tension nearly. 

The stresses in ZM and ZN are to be determined from the shear 
influence line. The shear influence line for the unit load W at P is 
Ha' 5'K shown dotted, assuming this girder to be of solid web. 

When the load stops at M the negative shear at P is equal to the 
ordinate QO and when it moves further on to the point N the positive 
shear is represented by the ordinate ST, but these two ordinates QO 
and ST represent the vertical components of the stresses in ZM and ZN 
respectively. Therefore these two vertical ordinates are to be resolved 
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pAt-allel to tljLO inolmed meniibera ZM and ZN^ the Imea OY and SU are 
the resolved parts parallel to the members ZM and ZN respectively. 
From Q draw QW down equal to OV and draw TX up equal to SU, 
and join W X, W H and X K. The shear influence line is then HWX 
K and the figure HWXKH is the shear influence diagram for this 
second panel. 

The maximum stress in ZM or ZN is represented by the area of 
the influence diagram XVK multiplied by the load intensity and the 
minimum stresses in these members are represented by the area of the 
influence diagram HWY multiplied by the load intensity, 





Maximum stress 
in ZM or ZNxa 
-Vx-775^2c=37-2 
tons. Suppose 
you are asked 
to determine the 
maximum stresses 
in the members 
AB BO and OA 
of the second 
panel on the top 
chord by the help 
of influence lines. 
Then proceed as 
follows. — See fig, 
248, biing the 
unit load on the 
point 0 and cal- 
culate bending 
moment for this 
point. E 2 x 60 = 


SY X 40. 



40 W 2 
60 


W, BMc=R 2 X 20 «| Wx20«7 = 13-33 


tons feet. Chord stress abending moment-r depth of the girder»-g7g^= 


i*54 tons nearly. Plot c' c? = l-54 tons, join a c' and h c', then a c' h is 
the influence line for the upper chord member ^B. 

Maximum compre sion in AB for the uniformly distributed load 
of 2 tons per foot run greater than the span is equal to the area of the 
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inflnenoe diaj^am ac* h mnltipUed by the load iziteniiity and ie equal 
to ^ X 1*54«»46*2 tena. x 

Stresaea in AC and Bv are to be determined from the shear 
inflaenoe line. The maximum stress in the member BC is to be deter- 
mined from the shearing force in the second panel of the bottom chord 
from the right support and similarly the maximum stress in the member 
AC is to be known from the shearing force in the third panel of the 
bottom chord. Consequently bring the unit load into the position and 
draw the influence diagram H a' 6^ K and draw the ordinates QG and 
ST from the adjacent joints D and C. Resolve QO and ST parallel to 
AD and AG and draw QW and TX equal to the resolved parts as usual, 
then HWXKis the influence line for the members AD, AC« The 
maximum stress in AC or AD is equal to the area of the influence dia- 
gram HWY multiplied by the load intensity =:^ x *575 x 2= 20*7 tons. 

Again bring the unit load on the centre of the second panel at 
and draw the influence line and diagram as shown in the lower figure 
separately, then the maximum stress in the member BG is equal to the 
area of the influence diagram W W' Y' multiplied by the load intensity = 
*775x2 = 37*2 tons, the same amount as we got for the members 
ZM and ZN of figure 247. 

EXAMPLE 7:— One of the girders of a travelling crane of 50 feet 
span has to carry two rolling loads of 5 tons each spaced 6 feet apart. 
The wheels rest directly on the plate girder, and there is, therefore, 
no platform effect. Draw the Shearing Force and Bending Moment 
influence lines for points 10 feet apart and at these points find the 
maximum possible Bending Moment and Shearing Force due to the 
rolling loads. 

( B. Sc. Eng. Part I, 1922. ) 

SOLUTION:— Draw the series of bending moment influence lines for 
the unit load W for the points 1 — 2— 3— 4 marked 10 feet apart as shown 
in the figure 249. Mark these lines as a c 5, a Ci b, a czb and a C3 5. 
To get the maximum bending moment in the influence line a cb you will 
have to bring one of the loabs directly over the point o and the other 
load is to be brought either to the left or to the right of the point C. By 
bringing the other wheel to the right you get the maximum ordinates in 
the influence diagram. The ordinates are 1 — 1, 1 — 1 in the influence dia- 
gram and in no other position you get the maximum ordinates. There- 
fore measuring off the ordinates to the scale, you find they measure 8 
and 7. The maximum bending moment for the position 1 is equal to 

98 
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1 (8 X 6} +(7 X 5) as 75 tons feet. Similarly the mazimnm ordinates in Gie 
inflnence diagrams o C| 5, a C 2 5 and a c^h are 2—2, 2—2/ 3—3, 3—3; 
and 4—4, 4—4 respeotively as shown in the figure, Measnring all 
these ordinates to the scale yon get the maximum bending momenta at 
the second, third and — p 

fonrth divisions (12 X ^ »V ^ * w * w 

5+9*5x5), (12x5+ 0 (T) (?) (5 

9*5x5) and (8x5+ I / ^ - 

7x5) =s 107 5, 107*5 J., 

and 75 tons feet res- x ^ A ^ 

peotively. ^ ^ 

Maximum shea- 
ring force.— Shear --- 

influence lines for i I c, I 

I yV * • I 

these four points are /*■ *1 * * 

e o« 5«/, ca»5»/,e ; i 

;c «o[^ • 

f, and the maximum ^ ^ '4'*^ 

ordinates in these /j: 

influence diagrams for 5? T ’ ^ 

the first four positions I' 

are(l-l,l-l)(2-2, Sc^ASJr.^ . ' " 

2-2) (3-3, 3-3) and 

(4-4, 4-4). Measu- VOAfS. 

ring to the scale you ^ 

get ( -8x54- *66x5 ), ( •6x5 + *475x5 ).[( -•6x5) + ( -•476x5)}, 
{(-•8x5) + ( -^-GGxS )} = 7-3, 5-375, -5-375 and -7*3 tons. Mims 
sign shows negative 'shear. 

EXAMPLE 8:— The live load on a through type Pratt Truss 
of 128 feet span, depth 22 feet consists of axle loads of a 195-6 ton 
locomotive followed by a train weighing *5 ton per lineal foot as shown 
in the figure 250. Draw the bending moment and shear influence lines 
and determine the chord and diagonal stresses. 

SOLUTION:— First determine the chord stress of the first panel 
that is, in the member ABQ and the length AQ is considered to be the 
length of one panel in Pratt Truss, Bring the unit load on the joint B. 

Then R,xl28=.Wx 112, .% R» = ^xW=||w and BMR=g|xl6-. 

14*22 tons feet. The chord stress is equal to the bending moment divided 
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by ihe depth of the gir3ers=-jj^= *645 tons. Plot c *645 ton and 


draw the influence line acb and the triangle acd ia the influence diagram* 
€ 27 S r G H 



c 


Next bring in the locomotive axle and train loads over this and 
see that the first heavy axle load is on the point d and note the values 
of the ordinates in the influence diagram as shown here. Then calcu* 
late the stress in the member ARQ as follows. ( 13*4 x *3 ) + 26*8 (’645 + 

•6+*68+*65 ) + 18*75 ( *5 + -475 + -45 +*41 x60x ‘S)* 

4'02-|-63-65+34*40-l-6-37al08>44 tons. 
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To know exactly which position of the loads gives the mazifflam 
stress in the member ARQ bring the second heavy load on the point 
d and calculate. Then the ordinates under the loads will be, starting 
from the piloting wheel to the last point of the train are *125, *425, *645, 
*6, *58, *525, *5, *46, *45, *41 and *075, and magnitude of the atressBa 
(•125 x13 4)+26-8 (•425+*845+*6+*58) + 18-75 (*525 + *5 + *46 + *41) + 

x60x-5)=l-67 + 60*30+36*28+7*27»105*52 tons. 

This position of the loads gives you the stress in the desired 
member less than the previous one and if you move the loads farther on 
to the left and bring the third heavy load over the point d you get 
still less that is nearly 100 tons, because the piloting wheel will be out 
of the span and hence you should decide, that the first position of the 
loads gives you the maximum stress in the member ARQ. This method 
of getting the result may appear to the students very tedious but dra- 
wing the axle loads on the tracing paper, and then moving the paper on 
the influence diagram either to the left or right facilitates the method. 

Next bring the unit load over the joint Q then determine the 
stresses in the members QP and CD as follows. Bi x 128=5 Wx 06. 

^1 = ^ W and BMqss x 32=:24 tons feet. The chord stressss 

1^0 JZo 

94 

,-jg = l-09 tons. Take c' d'ff* 1*09, then a' e' 5' is the influence line. 

is A 

Now bring the first heavy load over the point d' and you get the 
following ordinates in the influence diagram under the loads— *82, 1*090, 
l‘U25, *975, *925, *800, *750, *675, *625, *550 and O, then multiplying 
these by the axle and train loads you get 178*74 tons nearly. Next 
bring in the second heavy axle load over the point d' and note down 
the following ordinates in the influence diagram under the loads— *65, 
•920, 1*090, 1 025, *975, *865, -800, *750, *680, *625 and O. Multiplying 
these by the corresponding axle loads you get the stress in the member 
QP or CD= 182*63 tons. 

Similarly bring in the third heavy axle load over the point d^ 
and you get the following ordinates *48, *750, *925, 1*090, 1*025, *900, 
•870, *800, *725, *650 and 0 and the stress in the member QP or 0D=a 
179*37 tons nearly. No trial is needed further, as you observe the stress 
in the member concerned is decreasing. Hence you are to decide that 
when the second heavy axle load is over the point d' you get the maxi- 
mum stress. The maximum 8tress=r( *65x I3*4)*f 26 8 (*9204-1*000+ 
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l*025+*975 ) + t8*75 ( •865 + *800+-750 + *680 )+( ‘^~x5ix S)=8 

•70+ 107’46+58’03 + 8*44a» 182*63 tons. Therefore the tension in the me- 
mber QP««182’63 tons and oorapression in the member OD= 182-63 tons. 
To get the stress in DE or OP bring the unit load over the point 

80 

P, Rt X 128s=Wx 80, /• Ri = |^ Ww|, BMp»|x48«30 tons feet. 

Stress in DE or OP for a unit load at Pai|5s3i*36 tons. Draw 
1*36 tons and is the inflnence line. It is clear now that the 

first and second heavy axle loads cannot give you the maximum stress 
in the member, so you will have to try the third or the fourth heavy 
axle load. Therefore bring the third heavy axle load over the point 
by means of tracing paper and note down the ordinates and the 
stress in the member for this position of the loads is therefore equaUto 
( •85x13*4 ) +26-8 ( 1-08 + 1-2I + 1-36 + 1-276 ) + 18-75 (M1 + 1-03+ 

•92 + -84 ) +( ^ X ^ = 1 1 *39 + 1 3 1 -99 + 73* 12 + 8*06 « 224*56 tons. 

By bringingthe fourth heavy axle load under the point d* you get (‘Sx 18 
•4) + 26*8 ( ‘94+ l’08 + l*2l-f 1*36) + 18*75 (M9+Ml + l*00+*92) + 

^*^x^)«10-72+123*0l + 79*12+10 08=.222-93 tons. This is less 

than the previous one and hence the third heavy axle load on the point 
will produce the maximum stress in the member DE or OP and is 
equal to ±224*56 tons. 

The stress in EF can be determined by bringing the unit load over 
the joint 0, then R| X 128= W x 64. Ri = BM©— i X 64=32 tons 

feet and the stress in EF for a unit load at 0 is equal to ^^^=|^ = 1*45 

tons. Therefore c* d®= 1*45 tons and o* c® 5® is the inflnence line. 
Yon get the maximum stress in the member BF by bringing the fourth 
heavy axle load over the point d® and the magnitude of the stressa (*84 x 
13-4) + 26-8(l*125 + l*24+l-37 + l*45) + 18*75 (1*26+ 1*144 M0+ -89) + 

(~X^)all-25 + 138*95 + 82*5 + 6*35 = 239*05 tons compression. 

Forces or stresses in the sloping or web members should be deter- 
mined fromt he shear influence lines. See figure 251. To determine the 
stress in the member AC, you are to determine the average shear in the 
panel AB and let P' be the mid point of AB. Draw the shearing force 
diagram d e / for a unit load W passing over the bridge. When the 
unit load is at A the shear at P' is zero as the load and reaction neu- 
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traJwe each other and, when the load moves to the joint R the 
reaction Bj = J W, then the shear at P' is equal to the ordinate h i 

F'fC.25/. 

r G H 






OiriP. XIV. INPLTTENOfi LINUS fOU PBATT TRUSS. 


S28 


This ordinate Tik va the vertical component of the stress in the 
member AO, consequently resolve this h h parallel to the member AC as 
shown in the diagram, then hi the stress in the member AG. Make 
le m oqual to h I, then e mf is the inflnence line for the member AO. 

Now bring in the locomotive axle and train loads and locate the 
first heavy axle load over the point k for the maximum stress and the 
stress in the member AO is equal to (’Sx 13’4) + 26’8 (l’060+l-000+ 

•975 + -920)+18-75 (•820+-780+ 720+*675) + (‘-^^^^^^x60xj) a 

6'70+ 105*99 + 56*15 + 10*72= 179-56 tons, or say 180 tons compression. 
If you bring the second heavy load over the point K you get 
naturally less. 

The stress in the diagonal CQ can be determined by bringing 
the unit load over the joints R and Q. When the load is at R the shear 
at is equal to n o and when it moves to Q the shear at P2 is equal to 
A' k\ This negative shear n o produces compressive stress in the member 
CQ and the positive shear A' fc' causes a tensile stress in the same 
member CQ. These two ordinates n o and h' k* are the vertical 
components of the maximum tensile and compressive stresses in the 
member CQ. Consequently these two ordinates are to be resolved 
parallel to the member CQ, then o p and k' V are the resolved parts. 
Draw W equal to W V and n q' equal to o p, then e' q' m' /' is the 
influence line for the member CQ. 

Bring in the locomotive axle and train loads within this influence 
line and let the first heavy axle load be under the point m' to get the 
maximum tensile stress in the member CQ. Tho maximum tensile 
stress in the member CQ for the position of the loads is equal to 
(•425xl3*4) + 26 8 {•95+*90+*83 + *80)+ 18*75 (•70+*64 + *60+*55) + 

) = 5‘69 + 93-26 + 46’68+6-25=151-88 tons or say 152 tons. 

Similarly influence lines for DP and EO have been drawn and 
their stresses are (* 24 x 13*4) + 26-8 (•79 + ‘75 + *70+ '64) + 18*75 (*55 + 

•50 + -45 + -40) + ( ~ X y ) = 3-2 1 + 77* 1 8 + 35*6 2 4 3 = 1 19-01 ton 8 and 

(•07x 13*4) 4-26-8 (-654-*574-*525-|- *475 ) 4 18-75 (•375 + -350 + -2754- 

*230)4-^ = *934 59 *50 4-23-1 64 - *90== 84-49 or say 84-5 tons 

respectively. 

Stresses in vertical members, --The stress in DQ is equal -to the 
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rertioal component of the stress in DP. The stress in DPm 1 19*01 
tons and the vertioal component is equal to 96 tons as per resolution 
shown in the figure. If you want to determine the same mathematioally 
you can do so. The vertioal component is eqnal to DP x sin 6, bnt tan 8ss 

^^=^=1*375, On refering to the tables yon find 0=53°— •58*32', 

Substituting this value in the above yon have DP x sin 53°— 58*32'= 
119*01 X *80867=96*23 tonSi where 119*01 is the stress in the member 
DP and *80867 is the value of the sin 0. 

Similarly the stress in the vertical EP is equal to the vertical 
component of the stress in £0. This is equal to 68 tons. The stress 
in FO is equal to the vertical component of the stress in the diagonal 
FN. The influence line has been drawn for the member FO and 
actually this is the influence line for the member FN and the ordinates 
Aiv and n'^ o'" are the vertical components of the maximum tensile 
and compressive stresses of the member FN, Since this diagonal is 
not meant to take compressive stress, the maximum tensile vertical 
component is taken to calculate the stress in the member FQ* The 
maximum tensile stress in the vertical FO is equal to { — -'Ofix 13*4 )q. 

26*8 (^375+*350+-31+-26 )+1875 ( •20+15 + -10+-07 )-f ( x 

2x J ^=—"67 + 34’70 + 9*75 + -Ol = 43 79 or say 44*00 tons. 

The stress in the vertical CE is to be calculated as follows.-— 
The tension in this member is equal to that portion of the loads between 
the supporting point and the second panel joint that is carried by the 
road way to the floor beam. Therefore these heavy axle loads are 
to be brought on this space to cause the stress in this member a maxi- 
mum. Draw the reaction influence line ACQ for the first two panels 
and CB equal to 1 ton, then the triangle ACQ is the influence diagram. 
On a tracing paper draw out the axle loads with their spacings to the 
same linear scale and slide the same on the influence diagram. Tou 
observe at the very first trial that the piloting axle load and front four 
heavy axle loads with the second heavy axle load over the point H 
will give you the maximum reaction over the floor beam 6xed at the 
point E and the maximum reaction is equal to ( *175 x 13*4 ) + 26*8 
( 700+1*000 + *700 + *365) = 2*34+74*37=76*71. tons. 

The tension in the member 0 Rsa» 76*71 tons. 

EXAMPLE 9:— Draw the bending moment and shear influence lines 
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lor the members of the Bov String G-irder, span 70 feet <kad depth If 
feet, for a nnit load passing over the girder. 

S0LnT10N:~This is the case of a girder of variable depth. ( See 
iSgare 252 ). Bending Moment Inflnenoe Lines.— To draw the inflaqace 
line for the member AP proceed as follows. — Fur the position of the 
unit load at A the stress in AP is zero and therefore move the 
load toP.then Bi-;-5W=»fW. BMp«R, x 10-* x tons feet. 

The stress in AP is equal to the bending moment divided bj the depth 
^0 1 

of the girders x ^*335 tons, plot c d = 1*335 tons and the line 

a ci is the inilaence line for the member AP. 

Influence line for the member PO — Place the unit load at O. 

TheaR, = 5W. BMo^f x20=i|^. Stress in OP=^-^ x = l 

*428 tons, where IV is the depth of the girder at that point. Plot c* 

1*428 tons and and a c' b is the influence line for the member PO. 

Influence line for ON.— Unit load at N, R| = ^ W, BMh«Ri x SOaa 

J xS0=-^~^ tons feet and the stress in ONss-^^ x ^=3 1*428 tons, 

where 12' is the depth of the girder. Plot cz dz equal to 1*428 tons and 
a 02 ft is the influence line for the member ON. 

The stress in MN for the unit load at M is equal to Bi x40->12=> 

^X 40 ^ 1*428 tons, same as the stress in ON. The influence 

line for this is a ft. 

The influence line for the member BG for the unit load at P is 
the name as above, and the depth of the girder is not 6 25 but 6 01) feet, 
that is, the perpendicular distance from the line BO to the joint P« 

Then the stress in BO for a unit load at P is 4*=4?=»1*428 tons. 

7 0 7 

Plot and a' 6' is the influence line for the member BO. 

Similarly influence line for CD is to be drawn as follows. — Stress in 

X = 1*485 tons, plot c* equal to 1*465 tons and a' V is 

the influence line. 0*75 feet is the depth of the girder for the member CD. 

The stress in the member DE is the same as the stress in the 
member ON. Plot c^ 1*423 tons and a' V is the influence line 
for the memeber ON. 

Influence Lines for Vertical & Diagonal Members.«*^lnflueao0 
liM for the member AB,— For a unit load at P the stress in AB is to 
29 
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be oaloalated bj taking F as moment oentre. Bt x 703 W x 60 B|a 
11=7 W. RiXlO+stresain ABx5 6=0. Therefore stress in AB«« 
6 1 

— =->^lQX^=-l’6o tope- Here the minus sign sho^e that tbg 4irf 
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I Wfi-LUS/VCS tW£S ro/^ AfSAf/S£^S AP, po, o/^i mt. 


/A/ri.C/£NCS £^/N£S AfSATff^PS BC, CO & 0£> 
• ' 

t bcMccs Aed-o, A 2 ro/^s. 


} /AfPl t/f/'/CC CW£S POP AfSAJBBPS AO, OP. PC A CO. 


otion of fhe force in AB has anticlockwise moment abont the moment 
centre, therefore the arrow head points towards the joint A and hence 
the stress in the member AB is compressive. Plot equal to 1*65 
tons and a" is the influence line for the member AB, 

For the vertical member £P, Take a section XX cutting the 
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members AP, BP and BC and produce CB and PA to meet at Q, 
then AQ measures 8'. Take Q as moment centre and the unit 
load at A. 1. Then - R. x 8+W x 8— stress in BP)«18. 

Therefore stress in BP— - 1 x 8+1 x 8-4-18 “O. Move the load to 
the point P, then-RiXS-Stress in BPxl8. Ri-f. Stress in 

BP— - f X 8-4-18— - ^ X - *38 ton. Here minus sign shows 

7 lo 

that the arrow head is towards the joint and honce the stress in 
BP is compressive. The influence line for the member BP is a" c* b". 

Influence line for the member PC — Take a section y y cutt.ng 
the members BC, PC and PO, and by producing CB and OA. you 
get the same point Q for their intersection. Take Q as moment 
centre and the unit load at P. Then Ri**? jW. - Ri X 8 + W x 18«» 
stress in PC x 13. Stress in PC- - x 8 (lx 18) ^ 13-*-85 ton. 
Plus sign shows that the arrow head is towards the joint P and 
hence the stress in the member PC is in compression. Now move 
the load to the joint O, and taking moment about Q. you get 
Ri ^ 8*=8tress in PC x 13. Stress in PC— Ri x 8-^-13. but Ri — f-W 
Then - f X 8-*-13*— - ‘44 ton. Minus sign shows that the arrow 
head is away from the joint and hence the stress is in tension. 
Plot c® and c'® cf* join c® c'® to a" h* and a* c® c'® fc* is the 
influence line for PC. 

Influence line for the vertical CO— Take a section ZZ cutting 
the members PO.CO, and CD and produce CD and NA to meet at 
Qi. Then taking Q^^as moment centre with a unit load at P, you 
have-Ri X 40 + WX50— stre.ss in CO x 60. Therefore stress in 

CO - - fix . ^> . 9 ? y 40 + 1 X 50 -5- 60- 1 ‘ g = -26 ton. Plus 

sign shows that the arrow head is away from the joint c and h^nce 
the stress in the member is in tension. 

Move the unit load to O, then- Ri x 40— stress in 00x60. 
Tlien unit load is in the right hand side ot the section which is 

supposed to be removed. Stress in CO— 40 -2- 60 *47 

ton. Here minus sign shows the arrow head is towards the joint 
C. so the stress in CO is in cempression. Plot these ordinates as 
shown in the diagram and c'* is the influence line for 

the member CO, Similarly you can proceed on for the rest of the 
members. If you desire to know the maximum stress in any 
member for a uniformly distributed or for a locomotive axle loads, 

you can make use of these influence lines and determine as shown 
in example 8. 



CAPTER XV. 

CAMS. 

Cams are generally flat metal pieces of different shapes and 
some are usually fixed to shafts called cam shafts. These give 
reciprocal or to and fro motions to other pieces of metal called 
followers usually move in guides vertically and some move about 
fixed axes. Cam and follower always have line contact. The 
follower will be in contact with the cam owing to its own gravity 
weigt and generally it is provided with some sort of spring to 
enable it to rest always over the edge of the cam. You can observe 
these cams in weaving, printing and very many other machines 
Cams may have reciprocating or rotary motion and the follower 
also have reciprocating or angular motion 

There are three different kinds of cams (1) Plane sliding cams. 
(2) Plane rotating cams and (3) Cylindrical cams. Out of these 
the sliding and rotating cams will be dealt with in this chapter. 

EXAMPLES ON SLIDING CAMS. 

EXAMPLE 1 A plane reciprocating cam has uniform motion and 
a stroke of 5 inches. Tiie follower reciprocates at right angles to the 

line of stroke 
of the cam 
and in the 
plane of the 
cam. For the 
first half inch 
of the for- 
ward stroke 
the follower 
is at rest at 
the bottom of 
the stroke. 
For tlie next 
of the cam 
stroke the 
follower rises 
li" with uni- 
form acceler- 
ation. For 

the next of the cam stroke the follower rises with uniform 
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retardation, and then remains at rest until the cam has completed 
its forward stroke. The follower is provided with a roller lx” 
diameter which works on the cam. Draw the outline of the 
cam. ( LOW ). 

SOLUTION The cam has uniform motion and a stroke of 5 
inches, periods of rest at the beginning and end of stroke. Draw a 
straight line 5 inches long and divide this into any number of equal 
parts or say 10 equal parts for convenience, thei each division 
measures \ inch. For the first half inch of the stroke the follower is 
at rest and next 2 inches of the stroke the follower rises lx inches 
with uniform acceleration, therefore draw a vertical line 4 — 4 equal 
to lx inches and divide this into 4 equal parts. Draw the parabola 
as shown. For the next 2 inches of the stroke^ the follower rises lx" 
with uniform retardation^ therefore draw 4 — 8 equal to lx inches 
and divide this into 4 equal parts and draw similarly the parabola 
as shown. Then leave the last half inch horizontal. The outline of 
the cam is as shown shaded in the figure. 



EXAMPLE 2 
A plane reci- 
procating cam 
has simple har- 
monic motion, 
and a stroke of 
5 inches. Th^ 
follower is at 
rest for the 
first half inch 
of the stroke, 
and rises with 
uniform acce- 
leration lx in- 
ches for the 
next 2 inches 
of the stroke. 
Again it rises 
1^ inches with 
uniform retar- 
dation for the 
next 2 inches 
of the cam 
stroke. The re- 
maining half 
inch of the cam 
stroke the foll- 
ower is at rest. 


Draw the outline of the cam. Diameter of the roller 1^*. 
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SOLUTION :—In this example the follower rises with uniform 
acceleration and retardation as in the last example^ but the cam 
has simple harmonic motion. For 5 inches of the stroke draw a 
semicircle with a ladius of 21" and divide that portion of the arc 
which is intersected l>y the vertical dotted lines drawn at 4" apart 
into 8 equal parts as shown in the figure 254. Draw 0 — 4 and 4—8 
each equal to li inches and divide 0—8 into 8 equal parts. Draw 
two parabolas for the centre line of the follower as shown in the 
diagram and the shaded portion is the outline of the cam. 

EXAMPLE: 3— A straight lever oscillates in the plane of a sli- 
ding cam about an axis atone end, through angles of 20*" on opposite 
sides of a line parallel to the line of stroke of the cam. The lever 
has simple harmonic motion, and one complete oscillation of the 
lever is performed during two strokes of ilie cam. The stroke of 
the cam is 3''. The cam works against a roller 1” in diameter whose 

axis is at the free end of the lever and 6 inches from the axis about 
which the lever swings. Assuming that the cam has uniform 
motion draw its contour. 

SOLUTION 

The cam has uni- 
form motion and 
therefore draw a 
line 5 inches long 
and divide that 
into 10 equal parts. 
On the zero point 
draw the roller of 
one inch diameter. 
Call the centre of 
the roller as B and 
from B draw a line 

BA six inches long at 20® inclination to the horizontal. From A 
draw a line AC horizontal and again from A draw another line AD 
at 20® to AC. Then BD is the complete lift of tlie lever, and since 
the lever has simple harmonic motion draw a semicircle with 
centre C and radius CD or CB and divide this into 10 equal parts 
as shown. Draw the horizontal lines from these ten points as 
shown in the diagram. From the point B draw another hori- 
zontal line BE to left and project ten points of the bottom parallel 
line on to it. On AC mark out these ten divisions, then take a 
length AB through a compass and strike arcs as shown in the 
figure, without changing the radius AB. The needle point cf 
.the campass is to be placed on the divisions in AC and penciL 


n&zss. 
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point it to bo on tbo diTisions in BE. The ontUno of tbe oam is as 
shown shaded. 

EXAMPLE 4:>-Thia is the same as example 8 bat the cam has 
simple harmonic motion instead of uniform motion. Draw the oontonr 
Qf the cam, ( See fig. 256. ) 

SOLBTIOIT:-* 
In this example 
the cam also hns 
Simple hermonio 
motion, therefore 
on the 5" stroke of 
the cam describe 
a semicircle and 
divide it into ten 
equal parts 
shown. Project 
all these points 
on the line BE, 
and by means of 
a compass with a 

radw AB strike arcs adjusting the pencil point exactly on the projected 
points in the line BE and needle point on the line AG. The outline 
of the eem is as shown shaded. 

EXAPLES ON ROTATING CAMS. 

EXAMPLE 1: — Design an edge cam to give a uniform upward 
motion of 2 inches daring one half of its revolution, and a uniform 
return the next half. Least distance between centre of cam shaft and 
centre of roller diameter of cam shaft one inch. Diameter of 

roller 3/8". 

SOLUTION: — ^Draw vertical and horizontal lines through the centre 
O of the camshaft. (See fig. 257). Take a distance of 1|" to centre of 
roller and a farther distauce of 2 inches. Divide tbe distance of 2 inches 
into any number of equal divisions, preferably 6 or 8 as the circle also 
can be divided into 6 or 8 divisions conveniently. Prom centre O with a 
radius of 8| inches draw a circle. Divide each semicircle into six equal 
parts as shown- From the centre of camshaft O with radii 0—1, Q— 2, 
0—3, 0—4, 0—5 and 0—6 strike area and get them '‘iatersQoted at 


FiG.256» 
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'A A, BB, CC, BD, EB and F respectively as shown. Since the diameter 
of roller is I'' the edge of the cam 
.is 'to be-*- inch below these inter- 

1 O 

rsected points. A fair curve is to 
be drawn by hand as shown, and <///^^ 
the outline of the cam is shaded. 

SZAKPLE 2: — Design a cam to N IJj 
give a uniform upward motion of 2 111 I 

inches during of a revolution, a 
period of rest during the next V\\ 
quarter, a further uniform rise of ^xVv 

one inch during the third quarter, and 
then a uniform return through the 
whole distance of 3 inches during the last quarter revolution. Least 
distance from centre of shaft to centre of roller, 2 inches. Diameter of 
camshaft one inch, diameter of roller ^ inch. 




SOLUTIOW.—Prom 
the centre 0 of the cam 
shaft (See fig. 258) draw 
vertical and horizontal 
lines. Plot 2 inches on 
the vertical line the 
distance from centre of 
camshaft to centre of 
roller and further dis- 
tances of 2 inches and 
one inch. From centre 
O with a radius of 5 
inches describe a circle. 
Divide the first quarter 
of the circumference 
into 4 equal divisions. 
Divide the distance of 


inches which is the upward motion during the first quarter revolution 
into four equal divisions. Now strike arcs from centre O with radii 
0—1, 0—2, 0—3 and 0 — 4 to intersect at A, B, 0 and D repeotively 
On joining up these intersection points you obtain the first portion of 
the required curve of the cam, ^ 


BOFATma cams; 


t 06 x 1 quarter revolotion ia the period of rest aod thi 9 re£l}r% 

desoribe aa arc 0!ithQ->4aa radios and get it interseoted at K* Ilk 
the OjOKt qaevter rerelation there is aj movement of one inch more. 
Divide this o»» ineh and also the third quarter of the circle each into 
4 eqaal parts. Swing round the points as before and get them iutei> 
eeoted at E, P, G-, H and E. 

In the last quarter revolution the follower most f alVthrough the fall 
distance of 2 + ImS inches. Divide this 3 inches into nay 6 equal parts 
ood last quarter circle also into 6 equal parts. Swing round the points as 
befmre. Join np these intersected points and you get the profile of the canik 
XZAKPIiE 3:— »0 is the axis about which an arm OA swings. OA<ei 
9‘5 iaehes. A is the axis of a roller, *5 inch in diameter, carried by tha 
arm, and this roller works against a cam which rotates with uniform 
velocity, and whose axis C is 4 inches from 0. The gfreatest and least 
distances of A from C are 3-5 and 1*25 inches respectively. Design 
the earn so that the arm shall have uniform angular velocity when 
swinging, and periods of rest at each end of the swing corresponding 
to one^twelfth a revolution of the cam. 

SOLVTIOK:— 
From the question 
you understand 

that AGO ia the 
triangle and whose 
sides measure 
1 * 25 , 4 and 3*5 
inches respectively. 
Therefore construct 
the triangle AGO as 
shown in the figure 
259 and the points 
A, G, and O repre- 
sent in turn the 
centre of the roller, 
the cam centre and 
the centre of the 
axis of the arm Qd 
respectively. From centre G and CO as radius discribe a circle and 
divide the circumference into 12 equal parts. Then the greatest 
distanee from the cam centre 0 to the centre of the roller is 3*5 inches, 
80 
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and therefore from points 0 and O strike arcs OB and OB tekinp; the 
radius of each equal to 3 5 inches and let them intersect at B. 

With centre 0 and CB as radius describe another circle and divide 
this circumference also into 12 eqaal divisions. The follower is to have 
a period of rest at each end of the swing corresponding to one-twelfth 
of a revolution of the cam^ consequently the arc AB of the arm OA is 
to be divided into 5 equal divisions and by this you can give a period 
of rest equal to one-twelfth revolution of the cam. 

Now imagine the cam is fixed up and the arm OA with its roller 
is rotated about the centre of the cam shaft so that it may occupy the 
various positions shown, that is, the axis 0 of the arm OA is to move on 
the outer circle of 4" radius and the axis of the roller is to move on 
the inner circle of 3'5 inches radius. For instance to get the points 
D, E, F, G and H strike arcs from the centre C with radii C— 1, C— 2, 
C— 3, C— 4 and 0—5 and strike another set of arcs with a radius OA 
commencing from the divisions on the outer and inner circumferences 
bearing the same numbers such as 1— I, 2—2, 3—3, 4—4 and 5—5, to 
intersect the five arcs in D, E, P, G and H as shown in the figure. 

The distance 
from H to K repre- 
sents the period of 
rest and then you 
will have to repeat 
similar constuction 
for another 5 points 
with a further 
period of rest at 
the last. The out- 
line of the cam is 
shown shaded. 

EXAMPLE 4:— 

Design a cam to 
give a uniform 
upward motion of 2 
inches during one- 
half of its revolution 
and a uniform retu- 
rn the next half. 

The vertical path of tho follower is not in a line with the centre of 
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camshaft, bat one inch away from it. The distance between camshaft 
and centre of roller is If inches, and the diameter of roller is Y'- 

SOLUTION: — ( See fig. 260 ) Since the path of the follower is one 
inch to left of cam shaft, describe a circle from centre 0 with a radios 
of one inch. Let the path of the roller touch this circle tangentially 
at the zero point at A. Divide the circumference of this circle into 12 
equal parts commencing from the point A. From centre O with a 
radius OC describe a circle and divide the circumference of this circle 
fflan into 12 equal divisions commencing from C. Then connect the 
points of divisions of the circumference of the small circle with the 
corresponding divisions of the circumference of the outer circle as 
shown. You observe that these straight lines are connected tangen- 
tially because the path of the follwer touches this circle tangentially 
if produced. Suppose the cam is rotated either clockwise or anticlock- 
wise, all these 11 straight lines coincide with the straight line AC in turn. 

Divide the 
distance of 2 inches 
which is the upward 
motion of the folio* 
wer into 6 eqnal 
divisions and swing 
round from the 
centre of cam shaft 
these six points of 
divisions along the 
line BO to meet 
the corresponding 
tangential lines num- 
bered in the same 
order. After drawing 
the rollers at those 
intersected points 
yon can draw the 
outline of the cam as 
shown in the figure. 

ALTERNATIVE METHOD. 

Bee fig. 261. The alternative method is as follows,— Divide BG' 
into 6 eqnal parts, and with centre C and radius G 6 or CG' discribe a 
circle. Connect the divided points 1, 2, 3, 4, 5 and 6 with centre C and 
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prodaoe 0 0, C 1* C 2, 0 3, C 4, and C 5, to meet tile oireiiififer^nee oi', 
the circle at 0, 1, 2, 3, 4 and 5. Then divide the circle into 12 equal 
divisions by straight lines from the point A in the oirctttnfei’0nf(^ At 
the point I take a distance 0 1 and join that point to the centre of the 
circle and swing round C 1 and get it intersected at D, Again at H, 
take a distance 0 2 and swing round G 2 to intersect at E> Similarly 
at I1I> lY, y and YI take distances 0 3, 0 4, 0 4 and 0 6 and swing' 
round G 3, C 4, C 5 and C 6 and get them intersected at F, G, H and K- 
respectively and repeat the same for the other half of the revolution 
of the cam, as shown in the diagram. 

EXAUFLE 5:— Draw the profile of the cam to do the following 
Work.—It has to lift a bar vertically with uniform velocity, the length 
of the travel of the bar being 6"; it then has to allow the b^ar to descend 
again with uniform velocity, bat at one half the speed of the ascent. 
The two movements occupy one revolution of the uniformly rotating 
earn. The diameter of the roller working on the cam is | inch, and the 
least thickness of metal round the cam centre must be 2 inches. The 
line of stroke of the moving bar passes through the earn centre. (B. E.}« 


SOLUTION:— Let t be the time 
of one revolution, ta=time of 
ascent, t d=: time of descent, then 

ta + t (1). Again 

time of descent equals tiwce the 
time of ascent, therefore t d = 2 ta, 
because the speed of descent is 
one half of the speed of ascent. 

Substituting this value in (I) 
we have # 0+2 « a=#, .'. <=s3 t o. 

Hence t a= g- and t d=2 taB=2x 



Now take 2" from the cam centre to the bottom of the roller and 
take from the centre of roller upwards representing the travel of 
the bar. Describe a circle from centre C with a radius GB and divide 
this circle into three equal parts. Arrange for the first one third of 
the revolution of the cam to give the vertical ascent of <6 itK^hes and fur 
the remaining two thirds of the revolution of tho ottm, the vertical 
idescent of the same amount. Hivide | of iihe Uirb'le i&te 4 equa 
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pMrts and tha Yertioal lift also into 4 equal {xarfas and obtain the peiiito. 
aa abowB. Divide the remaining | of the circle into 8 eqaal parts and 
the vertical lift of 6 inches also into eight eqaal parts, and c^taiu the 
points as shown in the figure. 

EZAKPLS 6:~Set oat the form of a plane cam, rotating with 
uniform velocity to give a bar reciprocating motion of the followkig 
character. During each stroke the bar is to have simple harmeato 
motion. tPhe out-stroke is to be performed while the cam makes one 
half of a revolution, and the in-stroke while l^e cam makes one third ol 
a revelation. There are to be eqaal periods of rest at each end of the 
Stroke. Stroke of bar 8 inches. Ijme of stroke, ^ inch to one side of 
axis of cam. Diameter of roller which works on cam, 1 inch. Minimnm 
distance between axis of cam and axis of roller, 8 inches. If the cam 
makes 30 revolution s per minnte, what is the maxinuim speed of the bar, 
in feet per minute, (a) dnring the out stroke (b) during the in stroke 1 



further distance of 3 inches is to be taken to 
the bar. 


BOLDIlOH:— Dista- 
nce from camshaft to 
the line of stroke of 
the bar is ^ inch. 
Draw a circle from cam- 
shaft centre C with 
radios equal to | inch 
and divide this circle 
into 12 equal parts. 
The line of stroke of the 
bar is tangential to this 
circle and toaohes tan- 
gentially at zero point 
as shown in figure 263. 
Take minimum distance 
■of 2" from camshaft 
centre to the centre of 
roller and from this a 
represent the stroke of 


From camshaft centre 0 with a radius OA the highest point of 
theetroke, deaoribe a circle and divide this also into 12 equal parts, as 
shown the zero point being at A. Join all these 12 points of the outer 
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circle totbe corresponding 12 points of tbe small circle of 4 inch radins 
tangentially. The stroke of the bar is 3 inches and the bar is to have a 
Simple Harmonic Motion, therefore draw a semicircle on the length 
of 3 inches and divide this into six equal parts, as the follower is to 
rise daring one half of a revolution of the cam. Strike arcs with the 
radii Cl, C 2, C 3, C 4, C 5 and 0 6 to intersect the tangential lines 
1 — 1,2— 2, 3—3, 4—4, 5 — 5 and 6 — 6 at B, D, E, P, Q and H respectively 
as shown. Then a period of rest equal to ^ of a revolution of the cam 
is to be given, that is from H to K. 

In one third of a revolution the follower is to come down 3 inches 
with S. H. M. Divide the semicircle into 4 equal parts and from the 
cam centre C with radii C 8, G 9, C 10, and C 11 strike arcs tointerseoi 
the tangential lines 8 — 8, 9 — 9, 10—10, and 11 — 11 at L, M, N, and P 
respectively as shown. Lastly give another period of rest equal to 
of a revolution of the cam from 11—0. The form of the cam is 
shown shaded. 

Maximum velocity of the bar during the out stroke.— The motion 
of the bar is simiple harmonic and therefore the maximum velocity 
of the bar is at the centre. The cam makes 30 revolutions per minute, 
then its angular velocity ( which is generally denoted by the Greek 
2 IT N 2 X 30 

letter Cl) lisCi) ^s=- a;; -— — thi — = ir. Where N=a number of revolutions 
' oO oU 

per minute. Amplitude a = 1^^^ or and x=so. If the motion of tho 
cam be reduced to an equivalent of circular motion, we find in this 
case Cl) Cl) I for the outstroke is completed in half the revolution of the 
cam, and so it is in the circular motion. Let Y be the velocity of the bar 
per minute and we have V= ca 
Yl= CO a per sec 

-a IT 3 

W J if If 

„ = JT X I X X 60 per miuate 

— IT xT 5 ,f If 

„ s=3'1416x 7*6 = 23*562' per minnte 

Maximum velocity of the bar daring the instroke.— 

In this case U ' is not equal to (a for the instroke is completed in 
I revolution of the cam, bnt in eircnlar motion it is completed in | 
revolntion. 

I revolution of the cam is completed in llxliaf sec. In | 
second there is \ revolution in circular motion. The nabmer of revola- 
tioD per minute is equal to 45. 
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•’*W“ 2 * 

ss: per sec. 

gir j 

= — ^ X ^ ^ P®** nainute. 


9x3* 1416x60 
48 


35*343' per minute. 


EXAMPLE: 7.«— A cam mechanism is shown in figure 264 (a)« The 
cam C rotates uniformly about 0 , actuates the slider S by means of the 

bent lever LL. The 



slider has an inter* 
mittent motion as 
follows: (a) A period 
of rest while the 
cam turns through 
150°. (b) The up- 

ward half of a simple 
harmonic motion 
from A to B while 
the cam turns thro- 
ugh the next 120°. 
(c) The downward 
half of another 


simple harmonic 
motion while the cam 


turns through 90°. 
get out the true 


shape of the cam 
profile, working to 
the given dimen- 
sions and not copy- 
ing the diagram. 
[B. E.] 


SOLUTION,— The 


slider S rises 1} inches by the rotation ofithe cam 0, the lower and the 
upper ends of the lever L also move radially 1| inches with P as centre* 
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At the roller end of the lever take 1| inches radially and describe a 
semicircle and divide that into 4 equal parts as shown. Dlaw the path 
of the axis of the lever with G' as centre and G' P as radius as shown* 
With G' as centre and G' 4 as radius describe a circle aud divide the arc 
of this circle which subtends an angle of 120° into 4 equal parts as 
shown. From the centre C' strike arcs with radii G' 0, C' 1, G' 2, G' 3 
and G' 4 to intersect the arcs discribed from the centres on the path of 
the axis of the lever with a common radius equal to the length of the 
lever arm PQ at points D, E, F, Ot and H respectively as shown in the 
diagram. Now the slider has moved up 1| inches, and the slider is to 
coiae down IJ" while the cam turns further through 90°. 

Again divide the arc of the circle which subtends 90°, of radius 
G' 4 into 4 equal parts as shown and repeat the same construction 
used above for 120° arc and get the arcs intersected at K, M, N and 
R as ahown in the diagram. The shaded figure shows the profile of 
the cam. Figure 246 (a)is the given question and figure (b) is 
the answer. 

EXAMPLE 8— »A vortical bar with a flat horizontal foot is driven 
upwards with simple harmonic motion and lowered with uniform 
acceleration, by a cam mounted on a horizontal shaft, and having 
uniform angular velocity. The upstroke of the bar is performed while 
the cam turns through an angle of 180°, and the downstroke while the 
cam turns through an angle of 90°, The bar is at rest at the bottom 
of its stroke while the cam turns through an angle of 90°. In its lowest 
posii^ion, the sole of the foot of the bar is 3 inches above the axis of 
the cam and the stroke of the bar is 5 inches.' Draw the outline of 
the cam* 

SOLUTION: — The least distance from the cam centre to the sole 
of the foot of the bar is 3 inches and the storke of the bar is 5 inches. 
From cam centre take 3" and 5" respectively to represent the least 
distance and the stroke of the bar. The bar is driven upwards with 
simple harmonic motion, and therefore draw a semicircle on the 
5 inch length and divide the semicircle into say 6 equal parts. Project 
these points on the vertical 5 inches as shown. Next from the cam 
centre take a radius equal to 3 + 5 = 8 inches and describe a circle. Divide 
half of this circle into 6 equal parts and from cam centre 0 with radii 
0—1,0 — 2, 0—3, 0 — 4, 0 — 5, and 0 — 6 strike arcs to intersect the 
radial lines at A, B, G, D, E, and F respectively as shown in figure 265, 
At the intersecting pointa A, B, G, D, E and F draw the flat horizontal 
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foot of ^o ter at omIi imocessiye point aiid produce the linds M shown. 
¥ai)geiitial to these lines draw a fair cunre to represent the ontline 
df the cam for taming through an angle of 180^ 

For the next moyement of 90^ the 
flat bar is to be lowered with uni- 
form acceleration* Therefore take 
lengths of 5 inches horizontal and 
vertical to the left of 5 inch stroke 
of the bar and draw a uniform 
acceleration curve as shown here. 
Divide the arc of 90^ into five equal 
parts as the vertical and horizontal 
lines of uniform curve are divided 
into 5 equal parts. Then project 
the points of the uniform accelera- 
tion curve to right on to the verticid 
line above the cam centre as 1, 2, 
3, 4 and 5. Strike arcs from cam centre 0 with radii 0 — 1, O—Z, 
O — 3| 0—4 and O — 5 to intersect .the radial lines at G, E, L and 
M respectively. In setting out the outline of the cam in this portion, 
a difficulty arises* The outline of the cam is to touch tangentially all 
the straight lines drawn from the flat foot of the bar. In this cafe 
itris impossible to have tangential connections, and if attempted it is 
possible only to have tangential connections for two points G and M only, 
as shown in dotted, but the outline does not touch the tangential lines 
drawn from points H, K and L and fail to obtain the desired motion. 

In such difiiculties as these the best way is to draw a mean curve tp 
touch all the lines as shown in the figure. The next 90° turning of the 
cam the bar is at rest* The final outline of the cam is as shown shaded. 

EXAMPLE 9: — A vertical reciprocating piece moves in guides 
^under the action of a cam attached to a shaft which rotates uniformly; 
the centre of the cam lies in the line of motion of the reciprocating 
'piece. Suppose a friction roller used of diameter equal to ^th stroke 
and suppose also that the least radius of the cam is ^th stroke. Trace 
^the form of the cam that the piece may slide uniformly and make one 
complete movement in each revolution. (I. Sc. Eng. Part II, 1923.) 

" ^ SOLUTION* — Let us take one inch as tlie stroke of the cam, then 

the diameter of the roller and the least radius of the cam should be 
.}”^-aBd-|'^-FeBpectively* (See fig. 266). 
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aWB|pl9t% poyames^ that is toi saj that the yertical piece is te be rams# 
one inch from its positieo and lomr^d to the s<me position iu 09$ 
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Take one inch 
vertically and divide 
the same into 6 divi- 
sions to raise the 
piece, and the same 
divisions may conve- 
niently be nsed to 
lower the piece as 
shown in the figure. 

From cam centre 0 
a radius epnal to CB 
describe a circle and 
divide the same into 
12 equal parts. Then 
take through the 
pencil sweep the 
lengths 0 1, q 2, 

0 3 G 12 on the 

vertical line and get them intersected with the radial lines C 1, G 2 C 3 

* G 12 of the major circle These intersected points are the centre 

points of the roller, therefore after drawing the rollers at these points 
draw a tangential line connecting all these small circles and yon get 
the form of the cam as shown in the figure. 

^ZAIKFIiS 10:— 4 vertical spindle is supplied with a plane hori- 
zontal face at its lower end. The face is actuated by a cam keyed to 
a shaft, the axis of which is in the line of stroke. Design the, cam to 
raise and lower the plate under the following conditions: — 

The yalve to he raised through the first half of its stroke with 
uniform acceleration and through the second half with Uniform retarda- 
tion* Simple harmonic motion is given on the return stroke. The laiwb 
radius of the cam is 2", and the travel of the spindle is 1^". The 
spindle is raised in 2/5, lowered in and remains at rest during the 
remainder of a complete revolution of the cam shaft. 

(1. So. bbigi Fa«t 
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SOLUTION : — Select anywhere the cam centre C. ( See fig. 
267 ), Take 2 inches the least radius of the cam vertically and 
another inches for the travel of the spindle. From cam centre 

C and radius CL describe a circle and 
divide the circumference into 10 
equal parts. The reason of dividing 
the circle into 10 equal parts is as 
follows. — In one revolution of the cam 
tlie spindle is to be raised in I of a 
revolution lowered in ^ and the remain- 
der to be in rest. If you reduce tliese 
tractions to a common dinominater you 
have j^o’ sum of these 

is equal to one revolution. Therefore 
the circumference is divided into 10 
equal parts. Next construct the 
uniform acceleral ion and retardation curves for the height of 
inches as shown here by dividing the heiglit of 1^ into 4 equal 
parts, and the reason is that in of a revolution of the cam the 
spindle is to be raised 1^ inches. Obtain the points 1, 2, 3 and 1 
and with radii C-1. C-2, C-3 and C - 4 strike arcs and intersect 
the radial lines at A, B, C and D as shown. Then the return 
stroke to be of S, H. M. Therefore draw a semicircle on 1^" and 
divide it into 5 equal parts and obtain points E. F, G, H and K as 
usual. The balance of the revolution of the cam is a period of rest 
and it is shown there. The outline of the cam is as shown shaded. 

EXAMPLE 11 : — Find the profile of a cam to raise a tappet, 
having a roller 2" diameter, through 2” lift, the motion being 
S. H. M. Rise takes place in {th revolution, then rest for y^th 
revolution, and fall during the next Jrd revolution of the cam. 

Diameter of the cam shaft—2”. least thickness of nietal^l". The 
line of action of the tappet passes througli the cum centre, and the 
cam rotates with uniform angular velocity. ( 1, Sc. Eng. part 
11, 1926 ). 

SOLUTION .— From cam centre C take 1 inch, 1 inch, 2 inches 
and I inch, representing the radius of the cam shaft, least thickness 
of the cam the lift of the tappet and the radius of the roller respect- 
ively as shown. Then describe a circle with a radius CA. Divide 
the top left band quarter of the circle into three equal parts and on 
2 inches vertical line draw the semicircle and divide that one also 
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into three equal parts. With radii C — 1, C-~2, and C - 3 intersect 
the radial lines drawn from C the cam shaft centre at D & E. 
Mark out y'^th of the circumference of the outer circle from the 
point E and consider that as a period of rest. Further mark out 



r^th of the circumference 
of the outer circle in 4-5- 
6 & 7. In this ^rd revolu- 
tion of the cam tlie tappet 
is to fall and therefore 
draw another semicircle 
and divide this into 4 equal 
parts. With radii C - 4, C - 
5. C — 6 and C — 7 intersect 
the radial lines drawn from 
the cam centre at G, H, K, 
and 1j respectively. The 
profile of the cam is as 
shown sliaded in the figure. 
In drawing the profile of 
the cam care must be taken 


that the edge of the cam is to tiich the roller tangentially. For 
instance the points of intersection at B. D and H are away from 
the profile of the cam but the edge of the cam touches the rollers 
tangentially at different points. 

EXAMPLE 12 : — The vertical line of stroke of the valve spindle 
of an oil engine is 2 from the centre line of the horinzontal cam 
shaft. The minimum radius of the cam surface is a-nd the 

maximum is 3^*^, and these parts of tiie cam surface are concentric 
with the cam shaft. The working face of the cam which lifts the 
valve spindle is part of an involute of a circle, 4” diameter; which is 
concentric with the camshaft. There is a roller on the valve 
spindle, 2” diameter, which engages with the cam surface. Draw 
full size -the profile of the working face of the cam, and determine 
(aj the maximum lift of the valve, and (b) the angle through which 
the cam rotates wliile lifting the valve. (1936). 

SOLUTION ~ Select any point C as for the centre of the cam 
shaft and with this centre draw a circle in dotted with the mini- 
mum radius of 1|" and with the same centre draw a portion of the 
circle with the given maximum radius of 3" as sliown. The working 
face of the cam is a part of an involute of a circle 4" diameter and 
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therefore with the same centre C describe a third circle in dotted 

with a radi* 
us of 2 " and 
draw the in- 
volute curve 
starting at 
any point 
say from O. 
This curve 
should be 
drawn as 
far as this 
intersects 
the maxi* 
mum radius 
of the cam 
at P. Then 
O — P is the 
involute cur- 
ve and con- 
tinue this 
curve in 
free hand 
to meet the 
minimum 
radius of 
the cam at 

the point D. Then tiie working face is D O P. 

Next draw the vertical line of stroke of the valve spindle at 
2* from the cam shaft and attach a roller of 2" diameter to it as 
shown. This roller touches tangentially the minimum thickness 
of the cam at D and the maximum thickness at P'. When the cam 
is revolved in the clockwise direction the involute face of the cam 
lifts the roller from the position A to B. Whan the centra of the 
roller reaches the point B the point P of the cam touches the roller 
tangentially at P'. 

The maximum lift is 1* nearly and the cam rotates at =65*^. 

EXAMPLE 13 : — Figure 270 shows a circular cam AB fixed 
to a shaft whose axis is at C ; it rotates uniformly and gives a 
vertical motion to the tappet rod and roller D, 

Draw on a time base a full size diagram showing the displace- 
ment of the centre of the roller D from its lowest position for one 
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revolution of the cam. Take a base line 6 inches long to represent 
the time of one revolution. 

(I. Sc. Eng. Part II, 1928. ) 

SOLUTION ; — In the enlarged figure C^is the centre of the cam 
and C is the centre of the rotation of the cam. CP is the least radius 
of the cam. With C as centre and CE the greatest radius describe 
a circle and let tlie circle touch the roller tangentially at G. The 
centre of the roller at this position gives you the greatest 
displacement. 



Next with centre C take tl)e least 
radius CF and describe a circle and 
let the roller touch this circle tangen- 
tially at O and the centre of the 
roller gives you its lowest position 
here. Then divide this small circle 
into six equal parts as shown. Now 
observe that the centre point C of 
the cam will be moving on the 
circumference of this small circle 
when the cam is rotated about C the 
centre of its rotation. In smaller 
circle, six points have been marked 
on the circumference at equal 
distances apart as stated above. 


When the center C^of the cam comes at point 3 you get the lowest 
position of the roller and the position of the cam is shown in dotted 
circle for reference.. When comes on the point 4 tlie roller is 
raised and its centre is marked as 1. Similarly you get the points 
2, 3, 3^, 4, 5 and 6 showing the displacement of the centre of the 
roller for different movements of the cam. 

These points are shown on the vertical line to the right of the 
figure. Lastly on a distance base of 6" the required displacement 
diagram has been drawn as shown. 

EXAMPLE 14 : — A valve and spindle are actuated hy means of 
a cam. the axis of which is in the line of stroke. The valve is 
raised through 2 inches in l/6th of a revolution of the cam, lowered 
in the following l/6tl) and remains at rest during the remainder 
of the revolution. 

Least thickness of metal, inches. Diameter of roller, 
2 inches. Design the cam so that the motion of the valve shall be 
simple harmonic. ( See figure 271 ). ( I. Sc. Eng. Part II, 1929. ) 

SOLUTION : — Select a point C the centre of the revolution of the 
cam, take inches the least radius of the cam and another 2 inches 
for the lift of the spindle. Then with C as centre and CAss3*5 inches 
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earn tke to1t» is to^ bo roiaod 2^ 
oad another l/6th of a verolntion the 
valve ie to be lowered. Therefore 
divide l/3rd oironmfereBoe of thio 
circle into 12 equal parts as shown* 
Sinee the motion of the valve is simple 
harmonio, draw a semieirole on 2 inches 
lift and divide that into 6 equal parts* 
Transfer the points to the vertical line 

and with radii C 1, C 2, C 3* C 12 

swing round the arcs and intersect the 
radial lines of the circle as shown. 
Draw the arcs of the roller at the points 
of intersection and tangential to these 
arcs draw the outline of the cam as 
shown shaded. Intersection points i^e 
shown in small circles. 


SZAKPLE 15:— A cam rotating in the direction shown in fi^.272, 


has to move the centre 
of the tappet roller 
from A to B and back 
again to A while it 
rotates through an 
angle of 110 degrees. 
The diagram shows 
by its ordinates the 
displacement of A 
along A B in inches 
while the abscissm 
represent the corres- 
ponding angles turned 
threngh by the cam. 
Draw* full siae, the 



outline of the cam, its minimum radios being 1| inches and the 


rollstr ditunstar 1^ inches. 


( I. Sc. Eng; Part II, 1930, ) 


hQXJlTliOK>*Mark the point G at the centre of rotation of the cmn* 
Faom the esnAre 0 and radius CE desscibe a oirolis^ a«id divide thh wte 
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(Whioh Babtends an angle of 110° into eleven cqaal divisions as lAoim, 
beoaose in the displacement diagram there are 11 equal divisions. 
Number these diviaiona from O to 6 from the mid point of the arc as 
shown. The centre of the tappet is to be moved from A to B and back 
.sgain to Af therefore on the radial line G 6 take the centre of the roller 
D and from centre G and radius GD describe an arc DD. Then the 
vgiven ordinates of the displacement diagram are to be plotted from 
this arc of the circle. Plot these ordinates as shown in the diagram 
.and strike arcs of the roller at all these points. Tangential to these 
arcs draw the outline of the cam as shown shaded. 



EXAMPLE 16:— A valve spindle 
is actuated by a bell-crank lever the 
arms of which are at right angles. 
The line of motion of the valve spindle 
is 3 inches from the centre of oscillation 
of the bell-crank lever, and the centre 
of the camshaft is in the position given 
in figure 273. 

Design the cam to give the valve 
spindle simple harmonic motion, Dia* 
meter of roller, 1 inch, 

( L Sc, Eng: Part II, 1931. ) 

SOLUTION:— From the figure 

you can understand that G is the 


centre of rotation and 0 A the least radius of the cam. D the centre 


Of the roller, DB the maximum lift of the lever arm ED and PG the 
greatest motion of the valve spindle. Since the motion of the valve 
spindle is simple harmonic, draw the semicircle on DB and divide that 
into at least 6 equal parts and tarnsfer those points on to the line DB. 
l^rom centre C and radius OB describe a circle and divide this circle 
in'to 12 equal parts commencing from the point B as shown. In one 
half the revolution of the cam, the centre of the roller D is to be raised 


to the point B and in another half of its revolution it is to come down 
from B to D. The valve spindle also in one revolution of the cam 
travels from F to G and from G back again to F. 


In this example it is to be assumed that the cam remaining static- 
‘^ary and the axis of the lever arm going round the cam centre in its 
^path and obtain as many points as there are points of division on DB« 
-Therefore from centre C and radius CE describe a circle as shown and 
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thw circle represents the path of the axis of the lever. Now from 

centre G swing round arcs with radii C 1, 0 2, C 3 G 12 as shown. 

The points of intersection of these arcs with the lever arm'' are to be 
obtained as follows.— Take the length of the lever arm DE with a 
compass and adjust the pencil point of it on the divisions of the inner 
circle and the needle point on the path of the axis of the lever, that 
is in the outer circle. Strike arcs 1 — 1, 2— 2, 3— 3, ...... 12— 12 or 

0—0, and obtain points of intersection H, K, L T as shown. 

Lastly draw the roller circles at those points, and tangential to these 
circles draw the outline of the cam as shown. 
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MISCELLANEOUS EXAMPLES. 

In this chapter we will try to work out some examples which 
require some skill, imagination and construction in arriving at their 
proper solutions 

Equilibrium of a bicycle.— 

EXAMPLE 1: — The frame diagram of an ordinary B. S, A. bicycle 
is shown in figure 274. (a) Draw the stress diagram for a load of 500 lbs 

on its saddle, 
and determine 
the stresses in 
all the members. 
(5) Discuss the 
equilibrium of 
this bicycle, (c) 
Determine the 
maximum ben- 
ding moment 
and shear on the 
steering pillar, 
(d) Why the 
forked end of 
the steering 
pillar is curved ? 
(c) Draw the 
stress diagram 

and determine the stresses in the spokes and rim of the driving wheel of 
this bicycle. What is the nature of the stress in the spoke of the wheel ? 

SOLUTION:— (a) The load on the seat of the bicycle is 5oo IBs, 
the reaction will be under the two wheels and the directions of reactions 
are vertical as the wheels are free to move. Determine the magnitudes 
of reactions as per figure 53 page 41, Draw the force triangle h c e 
by going rouud the hub joint of the driving wheel, then solve the joint 
at the seat and the polygon of foroes for this joint i%h e d a and lastly 
work out the joint at the peddle and get the force triangle ode. 
Now you have determined the stresses in all the members except the 
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iteering pillar and the tube that receives it« The stresses in these t<re 
members cannot be determined statically as the frame of this bicycle is 
an imperfect one. See the descriptions of figures 80^ 81 & 82 of part 

To determine the stress in the 6 inch length of the bar see the 
enlarged figure 275. HM is the 6 inch length of the bari HK is the 
compressive stress in the bar AD. Resolve the force HK parallel and 
perpendicular to the bar then the parallel component KL is Che 
stress in the bar HM. 

To determine the 
stress in the stafght 
portion MP of the 
steering pillar, take 
the stress in the bar 
CD and resolve it 
parallel and perpendi- 
cular to the bar MP. 

Now then MN is the 
tcoisile stress in the 
bar CD; and ON the 
parallel component, is 
the stress fin the bar 
MP, Similarly deter- 
mine the stress in the 
curved portion PQ of 
the forked end by 
resolving the reaction 
acting on the hub of 
the front wheel parallel and perpendicular to the curved portion PQ* 
Then SQ is the reaction and ST the parallel component is the strees in 
the bar PQ. 

(e) The bending moment in the steering pillar is greatest at M 
and this is equal to KH x UM, viz. the stress in the member AD multi- 
plied by the perpendicular distance UM. I he bending moment at M is 
also equal to the reaction SQxKM. For equilibrium of the bicycle these 
two must be equal. Shearing force from H to M is equal to LH the 
normal component of the force HK. Shear from M to P the straight 
portion of the steering pillar is equal to MO— LH. 

(^) For equilibrium the thrust in the steering pillar must meet 
the ground at G perpendicularly below the centre of the wheel where 
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equilibrium of the 

bioycle. If the thrust meets a little distance say 1'^ or beyond that 
point still the bicycle will be going on moving for ever, even if the 
rider leaves his hands from the handle bar^ bat if the thrust meets 
behind it^ the bicycle will not be in equilibrium^ and the rider is to be 
very careful about his grip on the handle bar and the natural tendency 
of the bicycle is to move in opposite direction. 

For equilibrium and safety of the structure the three forces must 
meet at a point* 

(d) The reason of curving the forked end of the steering pillar 
IS to enable the thrust of the steering pillar if produced to meet the 
vertical reaction of the front wheel on the ground at G. Then only the 
equilibrium of the bicycle is maintained. 

(e) There are 40 and 32 spokes in the driving and leading wheels 
respectively of this bicycle. The maximum reaction is at the driving 
wheel which contains 40 spokes at 2" apart. In fig. 276 (a) you see the 
frame diagram of the driving 
wheel, the direction of rea- 
ction is vertical and acts 
upwards as shown. This is 
the load acting on the wheel 
and presses the wheel at the 
point of contact of the rim 
with the ground, the spokes 
that come directly over the 
reaction point, do not receive 
any stress. Every time only 
two spokes come directly over 
the load and the parts of the 
rim at 1 and 2 are pressed 
inwards towards the centre 
of the wheel. The spokes 
shown dotted shoot inwards 
of the tube and tire and do 
not receive any stress The 
end of the spoke that shoots inside the tube has a screw end and fitted 
with curved shaped nut as shown in the diagram (6). Consequently 
the tube is not damaged. The other parts of the rim at that instant 
try to move themselves away from the centre of the wheel, but the 
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jspokes connected to those parts pall them tovrards the centre of the 
wheel and con8e(jQently th0 flfcr6S868 in the spokes are in tension* The 
stresses in the parts of the rim are in compression# In one revolution 
of the wheel, spokes come in pairs directly over the load 40 times and 
will be relieved of thier tensile stresses 40 times. 

Knowing this fact fully well at first, you can then draw the stress 
diagram as follows. Take the load 6 c to any suitable scale fig. (c) 
acting upwards and obtain the force triangle 6 c a, by drawing lines 
parallel to the parts of the rim OA and AB. Similarly proceed on to 
every joint and draw force triangles as shown. Note that the right 
half of the wheel belongs to the letter B or the field B, and the left 
half belongs to the letter G or the field C. 

EXAMPLE 2:— The projections of a tripod and its load are given 
in figure 277. Determine the thrusts in its legs and the magnitude of 
the load. 


FIRST METHOD. 

SOLUTION:— The projections of the load and tne tripod are given 
here# Since the load is inclined yon will have to take imaginary 

members 6 / and ^ 6 in a line 
with the plan of the load. Take 
X' Y' parallel to a g b f and 
draw the elevations of the two 
imaginary members as 6" jf', 
6"/' and the given load a" 
you must know that the mem- 
bers g b and bf are in the same 
planes with b e^b d and b d^b 
c, respectively, and in this new 
elevation drawn on x* y* the 
true lengths and inclinations of 
these members and the given 
load are obtained. Since the given load and the two imaginary members 
are in one plane, resolve the load 1—2 parallel to two imaginary 
members and obtain the force triangle 1—2—3. The stress in the 
member y 6 is in tension. 

Now open out the members b e, b d and b g and lay down on the 
ground as shown and take the load 3 — I in a line with the imaginary 
leg and resolve it parallel to the real legs. 3—4 and 4— 1 represent 
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the stresses in 6 e and b d respectively. Both are in tension. Similarly 
open out the members b d, bf and b c and lay them down on the 
ground as shown. Take the load 3 — 2 in a line with the imaginary 
member b f and resolve it parallel to the existing members h d and b e, 
as shown separately. The stresses in these two members are in 
compression. Now notice the member b d is subjected to a tensile stress 
of 1—4 during the first resolution and a compressive stress of 2 — 5 in 
the second resolution, then the stress in the member b d is equal to 
(2—5) minus (I — 4)sa*25 ton. Scale of load one inch equals 8 tons. 

The stresses in the members areas follows:— BO =(3—5) » 4*3 
tons compression, BDsa[ (2 — 5) — (1 — 4) ]sa*25 ton compression, and 
B£ss(3— 4)= 1*6 tons e umpposoien . Load AB=4 tons. Ans. 

SECOND METHOD. 

In this second method there is no necessity of taking imaginary 
members, but the given force can be resolved parallel to the given 
members in the planes of projections. Take an auxiliary plane at 
right angles to d e of fig. 278 and draw the elevation of the tripod, and 
also the elevation of the given load. In this view two lines represent 
the elevations of three legs of the tripod and thus facilitates the reso- 
lution of the given force parallel to two members. Resolve a'' 5" 
parallel to 5" e" d" and 6" c" as shown. Mark 6"/' on 6" c" equal to V* 
G and project/' on to the line 5 c in the plan. 

Now proceed to 
resolve the given load 
parallel to the given 
members in the original 
plan and elevation' as 
follows.— Take a b equal 
and parallel to the plan 
of the given load and 
h e equal and parallel 
to 6 /. Then draw c d 
and a d parallel to b d, 
and b e. This finishes the resolution in plan. Project all these lines 
in elevation taking care that the resolved parts in the elevation are to 
be parallel to the legs of the tripod and the load in elevation. The 
next thing is to get the true lengths of these forces by turning the 
lines in plan parallel to the vertical plane as shewn in the right side 
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of figure 278. These results will exactly tally with those obtained 
in the first method. 


EXAMPLE 3 : — The plan and elevation of a three-dimensioned 
braced frame are given in figure 279. It is to carry a load of 2 tons 
at its free end. Determine the forces in all the members of 
this frame. 



SOLUTION i- 

Name the mem- 
bers and the given 
load by letters as 
shown. Resolve 
the load 2 tons in 
elevation parallel 
to fc'^and c' dC' as 
this can be easily 
done without any 
difficulty. In this 
force triangle the 
side is the reso* 
Ived part of the 


load parallel to the member and therefore plot the force ^^in 
elevation parallel to the member 6^. Project the ends of the force 
fe^in the horizontal plane and draw its corresponding plan h para- 
llel to the member h of the frame in plan. Resolve this force h 
parallel to the given members c and d in plan and obtain the 
corresponding elevations and in the vertical plane drawing 
lines from the ends of the force parallel to c'^cf^of the frame in 
elevation. The next two members are e and f. From the two 
ends of the force 6^in elevation draw lines e* and f parallel to the 
members e* f* of the frame to any length. Now you should know 
the member is connected to the top joints of e’ and so the force 
in this member must have a connection with the forces c* & f* in 
the order. Again you will have to consider that the stresses or 
forces in the members e* & P are equal to each other since the 
frame is a symmetrical one with one load at its free end. There- 
fore draw a line parallel to g^ of the frame in elevation and 
adjust it in such a way that the forces should be equal to 

each other. In that case, the only position is the mid point 
of the force fc* and therefore the force p* must pass through 
it as shown in the stress diagram (a). In no other position you 
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get equal forces of c* & f\ Project these lines in the horizontal 
plane and draw c, f ^ as shown. 

From the ends of the force in elevation draw lines V Sc k} 
parallel to V and k' of the frame and also from the right end of the 

force c' and from the left end of the force d^draw lines n* & 

parallel to m^of the frame in elevation. Corresponding lines 
are to be drawn in plan as sl)Own. The next step is to determine 
the true lengths of these force lines by turning them parallel to 
any one of the planes of projections as done in figure 278. Figure 
(c) shows the stresses in the members c, e, I & n. In figure (6) the 
lines b and g are parallel to the vertical plane and the stresses in 

the members b and g of the frame are represented by lines g^ 
in elevation The stress in the member h is to be determined as 
shown in fig. id). Here the true shape of the triangle formed by 
the three sides e f h \s drawn. The horizontal component of the 
stress in c or f is the stress in the member h and in the figure (d) 
the line H is the stress in the member h. 

Note : — A fair knowledge of Descriptive Geometry is necessary 
in solving the three-dimensioned frame like this 

EXAMPLE 4 Given a sunple roof truss with the distributed 
load over it is shown in figure 2Sb. Draw the diagrams of bending 


/O 



moment shearing force and thrust for one of the rafters. Deter* 
mine also the horizontal thrust against the supports. 
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SOLUTION : — A load of 10 cwts. is uniformly distributtd over 
each rafter^ and this roof truss contains only three joints. This is 
really a three hinged arch. Transfer these distributed loads to the 
adjacent joints of the rafter as concentrated loads as shown in 
the enlarged figure. Total load is equal to 20 cwts* Here AB«- 
5 cwts. BC— 10 cwts CD = 5 cwts. Now go round the ridge joint 
and draw the force triangle bee, and then to the joints at the 
supports. You get the stress diagram as shown and from this 
you determine the horizontal stress at each support by resolving 
the reactions R and Ri into their horizontal and vertical compo- 
nents V. Vj. H. Hi- Tiien H or Hi is the horizontal thrust 
against the wall. The resultant loads of the left and right rafter 
act exactly at the centre of each rafter then R and Rj meet them at 
P and Pi consequently the thiust at the crown hinge is horizontal 
as shown. 

Next take one of the rafters separately as shown in the figure 
with its disliibuted load aiid reaction R| and the horizontal thrust 
at crown. This becomes an inclined beam hinge i at the ends with 
a uniformly distributed load throughout its length. Divide this 
load into 4 equal parts and the magnitude of each partis equal to 2*5 
cwts. acting vetically at its middle point. Resolve these four 
loads parallel and perpendicular to the beam as shown. Take only 
tlie perpendicular component into the load line and connect them 
with a pole O as shown. Draw from this the bending moment 
and shearing force diagrams as shown. Lastly draw the thrust 
diagram as follows. — Resolve the reaction Ri and Hg perpendi- 
cular and parallel to the beam as usual, and the parallel component 
T is the greatest thrust at bottom of the beam acting along the 
length of the beam upwards. Plot this T perpendicular to the 
beam acting upwards and then deduct the parallel components of 
AB, BC, CD and DE as shown T - + f + f) =* Ti. 

EXAMPLE 5 In fig. 281, LL represents a horizontal beam 
and the diagram gives the moment of inert. a I of any cross 
section about the neutral axis. You are requiied to divide LL into 
eiglit parts such that the length of each part shall be approxi- 
mately proportional to the mean moment of inertia of that part ; 
that is. //I is to be the same for all the segments. Give the value 
of the common ratio, / and I being measured on the same scale. 

( I. Sc., Eng: Part II. 1929. ) 

SOLUTION ; — This is a question on plane geometry. Take MN 
parallel to LL and divide MN into eight equal parts as shown. 
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From the mid points of these divisions draw vertical dotted lines and 


mark the interBoc- 
ting points on the 
curved line as 
shown in thick 
dots. From these 
points draw lines 
parallel to MN 
and let them inter- 
sect the left end ve 
rtical line LP at I, 
2, 3, 4, 5/6, 7 and 
8. Next draw from 



L any straight line LO at any inclination and mark on it L 1. L 2, 
L 3, L 4, L 5, L 6, L 7 & L 8 as sfu^wn. Join O to the left side 
L and draw parallels and divide the given LL proportionately. 
The figure is now divided into eight parts. Mean heights are 
marked and the value of //I for each division are calculated and 
entered in the figure. The value of the common ratio is equal 
to *81 '83+ *83 + -83-1- *80 + 84+ 83+'8 )-^8-‘825. Ans. 


EXAMPLE 6 : — Calculate mathematically the point where the 
maximum bending moment occurs when two loads and of 
different magnitudes at a constant distance c apart roll over 
tue span S* 

SOLUTION 



The maximum ben- 
ding moment al- 
ways occurs un- 
der the larger ioad. 
In this example 
the larger load is 
Wj, Refer to fig. 
282. Let M be 
equal to the ben- 
ding moment un- 
der the load Wi, X 
the distance frcm 
the left support to 


the load Wi. C the fixed distance between the loads W, & W,. S the 
span,S-« the distance from Wi to the right support, and x^c the 
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distance from W to the left snpport. Bt & B2 are the reactions at the 
left and right supports. 

Then M = U2 (S — x), but R2XSasWt a>+W2 (* — 0 ), R2 = 


Wi »4 W’2 (x—C ) 
S 


. M=»R2(S-a:)= I 


W1X+W2 (»— C) 
iS 


j (S-»). 


This is the same as (S— *) + ^^(as — 0 ) (S— «) = - ^ — (S— ») + 


W2 


S 

(xS— as*— CS-fCaj) = 


S 

W,xS W,x* WaxS Wax* WacS 


S 


s 


s 


s 


s 


W2 C X . 7 X -.XT WtX* , W2X* ™ ~ , 

r; . This 18 equal to Wix 5 I-W2X W2O + 

0 DO 

W 2 c X . . .... 7 dm jjfj. 2Wix*”’ , 

— Differentiating this term we have -j — = sbWiX — — + 

O Ct SB 


a 


O O 


dx 




s 


|? = W, + W.-^ ( W,.7W.) + ?^-0. 


Note> 


d m 
d X 


is a symbol to denote the rate of increase of m with 


respect to x and also W2 C is a constant quantity and this will disa- 
ppear during the process of differentiation even if it is connected with 
plus or minus sign. 

Dividing the above term by Wi + W2 we have. — 


+ Tr 


W2C 


W1 + W2 2 aj ( W1 + W2) 

Wi-fW2^ b ( W1+W2) • b (W1+W2) 
. _W20 
S ^!S(Wi+W2) 

_2x_ . _W2C 

S“ B(Wi+Wl)* 

. 2x_- W 2 O _ 

•' s “ "^is (W1+W2) ■ 


. 0 . 


Now the resultant of Wi and W2 is acting at x and y distances 
fromWi W2. Taking the moment centre under the load Wi we have 

W2xO = (Wi+W3)y. J'- wT+Wa 

2 ^ 1 

y in the above equation we have ~ ^ + g" ^ y* 


Substituting this value of 
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/-.l \S SS y _8 

.. «=^(l+g- 2/^ 2 _ 2+2 x-y 2 ■*“2‘ 


/. a!=~ + ^, Ans. 

Hence the maximum bending moment occurs at a distance of 
S "W 

where S = the span and y is the distance from the larger rolling 

load to the resultant line of these two rolling loads. The same result 
we got graphically in figure 55 page 44 of this book, without 
calculation. 


EXAMPLE 7:— A projecting floor 
is carried on beams which are pin 
jointed at the inner end and are 
supported by a strut as shown in fig, 283. 

Find for the given loading the tension 
in the beam and the compression in the 
strut. Draw the bending moment and 
shearing force diagrams for the beam. 

The distributed load over the beam is 
1 cwt per foot run. Determine the 
magnitudes and directions of reactions 
at the supports in the wall. 

SOLUTION: — The loads over the 
beam are to be transferred on two 
supports of it, to know the direct stress in the beam. Take moments 
about the top end of the strut, then R x 10=- —3 x 6 — 14 x 3 +4 x 4, 

R= =j- = 4‘4cwts. The vertical reaction at the top 

end of the strut is equal to 21 — 4'4= 16'6 cwts. 

In the enlarged figure take AB=sl6*6 cwts at the right support, 
and draw the force triangle a & c as shown. Then solve the left support- 
ing joint of this beam; at this joint there are three forces AO, CD, and 
DA are acting; out of these three, two forces AC and CD are already 
known and only one force DA is to be determined. Therefore plot c d 
equal to 4*4 cwts to the scale and join a d. Then eZ a is the magnitude 
and direction of the reaction of this frame at one support in the wall. 
At bottom end of the strut there are three forces CB, BD and DC, out 
of these CB and DC are known; the only force BD is to be determined, 
Join hd in the stress dirgram, then hd is the magnitude and direction of 
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the other reaction at this support in the wall* These two reactions and 
the load AB meet at S. 

Bending moment and shearing force diagrams.— The horizontal 
beam is loaded with a uniformly distributed load of 1 cwt. per foot run 
together with concentrated loads of 3 and 4 tons, There are two 
supports for this, one at the wall and another at the top end of the 
strut. Magnitudes of reactions also are known, then there is no 
difficulty in drawing shearing force and bending moment diagrams as 
shown in the diagram. 

EXAMPLE 8:— The frame CDE is attached to a member AB as 
shown in figure 284, and carries a lead of 5 tons at B. AB is pin jointed 
at both ends and A can move vertically but not horizontally. Draw the 
bending moment and shearing force diagrams for the member AB. 

SOLUTION:— 
The figuie is en- 
larged to double 
of its size. Draw 
the force triangle 
f g h for the joint 
E, the stresses in 
the members EO 
and ED are h f 
and h g respec- 

in tension and h g 
is in compression. 
These are the 
loads in the 
member AB at C 

and D, The whole frame is in equilibrium by three forces, viz, load 
AB and two reactions at A and B. The reaction at A is to be taken as 
horizontal because the end A can move vertically and not horizontally. 
This means that the end A is freely supported by the horizontal bar, 
therefore the reaction is horizontal. The load FG and the reaction at 
A meet at S, consequently the reaction at B also mu3t meet at S. Draw 
the force triangle f g k for the joint S, then k f and g k are the 
magnitudes of reactions at A and B respectively. 

Bending moment and shearing force diagrams.— Draw the member 
AB separately as shown and take on this bar the vertical components of 


tively, and A / is 
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the stresses in the bars ED, EG and of the reaction Rf. The reaction 
at A is to be taken as it is and name all these forces as shown. This 
bar AB is acted on by two unlike couples and hence the bar is balanced 
and no external reactions are required to keep this in equilibrium. 
Draw the polar diagram and its corresponding equilibrium polygon and 
this equilibrium polygon is the bending moment diagram. Shearing 
force diagram is drawn as usual. 

EXAMPLE 9: — The figure 285 shows the plan of a ship which is 
moored by three ropes A, B and C in the positions indicated. The 
starboard engine is undergoing trial under these conditions, and the 
propellor is giving a forward thrust of 5000 tbs. Determine the pulla 
in the ropes. 



SOLUTION: — This is a question of three unknown forces, out of 
four forces only one force D is known and the pulls in the ropes A, B 
and C are unknown. Produce the force D to meet the rope A at P* 
Produce the rope B backwards and get it intersected the rope C at Q. 
Then join QP and this line QP is the resultant of the forces acting iu 
the ropes B and C. In this way the three unknowns are converted into 
two unknowns. Next take the load D to scale and resolve this parallel 
to A and PQ; resolve again this PQ which is equal to the resultant of 
B and 0 and you get the magnitudes of the pulls in the ropes as shown 
in the stress diagram. AslOO Dbs, B~485 Bbs, 0=170 lbs. Answers 
approximately. 

EXAMPLE 10:— A pontoon carrying a crane is moored to a dock 
wall as indicated in figure 286, The pontoon weighs 140 tons. The 
load on the crane is 3 tons inclined at 30° to the vertical. Find the 
force in the mooring rope, the reaction at the wall, and the upward 
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.force due to displeacement, assuming that the centre of buoyancy 
is 0‘55 foot to the right of the 0. G. of pontoon. Allow 2'5 tons for 
the back balance weight, but neglect the weight of the crane, and 
the wall reaction as horizontal and through the centre of gravity. 



SOULTION .‘—Resolve tiie load AB on the crane parallel fco 
the jib and backstay and draw the force triangle a b c. Then 
6 c is the compressive stress in the jib and c a the tensile stress 
in the backstay. Draw the horizontal and vertical components 
fc c?, d c, ac, e c of these two forces as shown. Out of these the 
horizontal component d b is pushing the pontoon towards the dock 
wall and the horizontal component a e is pulling the pontoon 
away from the wall, and the algebraical sum of these two is equal 
to (d 6 — a e)= —a f. Hence the horizontal component of the stress 
in the mooring rope must be equal to a [. Then { g is the stress in 
the mooring rope and a g and a f are its vertical and horizontal 
components. The reaction at the wall at P is equal to a f. 

Determination of the upward force due to displacement. — 
The downward forces in the pontoon are the balance weight 2'5, 
the weight of the pontoon 140 and the vertical component of the 
stress in the jib of the crane 6*8 tons, and the upward forces are 
the vertical components of the stress in the backstay of the crane 4*2 
and the mooring rope 1*5 tons. Algebraical sum of the above is equal 
to the upward force due to the displacement of the pontoon. There* 
fore (2*5 + 140 + 6*8)-^(4-2+l*4) = (149-3-5*6) = 143*7 tons. Ans. 

EXAMPLE 11 A card is pinned to a vertical board by means 
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of two pins P and Q. Forces AB, BO are applied as shown in &g. 
287 (a). Find the magnitude and direction of a third force CA which 
causes the force tringle to close. Show if that third force CA were 
applied at P the system of forces AB, BC, CA will be reduced to a 
couple. Show how this couple could be balanced by applying verti- 
cal forces at P and Q, so that if 
the pins were removed, the card 
would remain at rest. Determine 
the moment of this couple. 

SOLUTION : — The given 

figure (a) is enlarged in fig. h). 

The given forces AB, BC are plo- 
tted down separately as a 6, fc c 
with their resultant a c in the 
triangle a b c. Then c a is the 
magnitude and direction of the 
third force CA which causes the 
force triangle to close. 

This third force CA is 
applied at point P as required by 
the question, and when this is 
produced it will intersect the 
given force AB produced at R, 

At this point these two forces AB 
and CA are combined and their 
resultant is ST. This resultant 
ST is equal and opposite to the 
force BC. For proof see fig. 10 
part I. Hence the system of forces AB, BC, CA have been reduced 
to a couple. Therefore if the pins at P and Q are removed the card 
will rotate anticlockwise way, but this rotation is to be stopped by 
applying another couple at points P and Q to keep the card board 
in equilibrium. You know that a couple is to be balanced by 
another couple only. Applying vertical forces at P and Q we can 
determine the magnitude of these by polar diagram and equilibrium 
polygon. See figure 25 part I. 

These fourforces are named in small letters a fr. be, edand c/a 
as per Bow's Notation and the polar diagram the equilibrium polygon 
have been drawn and the magnitude of the balancing couple cd or da 
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IB determined. The moment of this couple can now be calculated as the 
magnitude of the force and the arm are known. 

XXAMPLE 12: — Five forces of 8^ Hi 5, 2 and 4 Ihs. act along the 
sides AB, BO, CD, DE and AE of a regular pentagon of 2" side. 
Show that this system of forces is equal to a single force acting at the 
centre of the pentagon t(^ether with a couple. Calculate the moment 
of this couple. 

SOLUTION : —The requi red 
pentagon is drawn in the figure 288 
and the given five forces are 
named as per Bow’s Notation. 
These forces are taken in the order 
and a polar diagram is drawn by 
selecting a pole O anywhere. 
Then the corresponding equili- 
brium polygon is drawn and at 
the intersection of the first and 
the last ray of this polygon the 
resultant R is drawn parallel to 
the resultant a / of the polar 
diagram. 

This resultant R is equivalent 
to all the given five forces. At P 
the centre of the pentagon if two equal and opposite forces S and K 
of the same magnitude as that of R were applied, the effect of the 
resultant force R on the pentagon is not at all altered. The forces R 
and K form one couple with an arm of 1*4" and the force S is equal in 
magnitude to the force R and in the same direction. 

The magnitude of the resultant measures to the scale 7*6 IBs 
and the moment of the couple is equal to 7'6x l*4=al0*64 pounds inches. 
By this method any system of co-planer forces may be resolved into a 
force acting at a given point and a couple; and note also that a single 
force and a couple acting in the same plane on a body cannot produce 
equilibrium. Scales for this figure are t)"=l foot and l"asa81bs. 

EXAMPLE 13: — Four parallel forces of 90, 80, 30, and 40 lbs act 
at regular intervals of 5 feet on a bar of 20' long hinged at F as shown 
in the figure 289 (a). Determine the resultant of these forces^ 

SOLUTION: — Name these forces in the order and draw the polar 
diagram as shown with any pole distance as usual. Draw the equili- 

34 
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brium polygon and in this polygon yon observe that the first and the 
last ray do not intersect^, bat parallel and in this case the resultant is 
a couple whose magnitude is equal to the ray a o or o e with its arm 
equal to the perpendicular distance between these two parallel rays. 
Its moment is equal to in this figure a o or o c = 62*20 lbs. x 11 *25 =700 
lbs feet anticlockwise. Determination of the sense of the couple is as 
follows. — Take the moment about the hinge P of all the forces; then + 
90x5 + 30x 15 — 80x10 — 40x20 = — 700 lbs feet, therefore the sense 
of the couple is anticlockwise. 



Magnitude of the couple and its moment may also be calculated by 
taking vertical ordinate in linear scale and polo distance in load scale. 
In this example vertical ordinate is equal to 14' and pole distance = 
50 lbs., then 14x50 = 700 lbs. feet as obtained above, but the magnitude 
of the couple is equal to 50 lbs. The forces of the couple are shown in 
dotted lines acting horizontally as the pole distance is the horizontal 
component of all the polar rays. Again in figure 289 (6) another 
system of four parallel forces are acting on the rod as shown and it is 
required to determine the magnitude of the resultant of these forces 

In this both the force and the equilibrium polygons close and the 
ray a o and o e balance, then the magnitude of the resultant of the 
given system of forces is equal to zero, 

THE THEORY OF THE MIDDLE THIRD. 

In masonry structures tension is not allowed in any joint for the 
reason that the resisting power of the cementing material in the above 
structure such as mortar, in tension is very weak and hence negligible. 
Therefore no part of the brick or stone masonry should be allowed to 
come in tension. 
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Let ABin fig. 290 (a) represent the top edge elevation of the 
foundation wall of rectangular in shape and let it be loaded with a wall 
ABOD. Then the pressure ia 
uniform on the surface of the 
joint BA and the resultant pre- 
ssure acts exactly at the centre 
of the surface AB. If AB mea- 
sures 10' X 1' and the magnitude 
of the resultant R= 100 lbs, then 
the pressure per square foot 
throughout tho surface is equal 

to T^=10 168. 

10 X I 

If a triangular shaped wall 
is built on the surface AB as shown in the figure 290 (5) the resultant 
pressure R acta through the centre of gravity of the triangular wall 
ABC and touches the surface AB at ^rd the distance of AB from A or 
at ^rd the distance from B. If this triangular wall is reversed that 
is, the greatest height AO were ia come at B and zero point at A, then 
the resultant pressure will be at ]rd tho distance from B or at |rd the 
distance from A. In these two cases the surface AB is subjected to 
compression only, bat the pressure is not uniform and the pressure at 
B fi-g (6), is zero and at A is maximum. The maximum pressure must 
not exceed the safe resistance of the masonry, but should be within 
the safety limit. Hence the action line of the resultant pressure must 
fall within the middle third to satisfy the condition of no tension on the 
surface AB, Reinforced concrete structures are capable of resisting 
tension and the line of action of the resultant pressure may fall beyond 
the middle third of the joint. 

We can determine the distribution of pressure on any joint gra- 
phically with reference to the line of action of the resultant pressure by 
the following figures 291 and 292. — AB is the surface of the joint, 
measures as before 10' x 1' and R= 100 lbs. see fig. 291 (a). Let the 
resultant pressure R act at 0 the centre of AB, Now the ordinate CD 

is equal to — ^ — =r-^-^^=sl0 lbs and this may be plotted to any desired 

load scale. The points E and F are at the extreme points of the middle 
third of AB and are joined to the point D« The resultant R is inter- 
sected by the lines BD and FD at D and from the intersecting point D 
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a straight line HG is drawn parallel to AB, then ABGH is the pressure 
figure. The ordinate at any point may be measured to the scale in 
which the ordinate CD is drawn and the pressure at any point may be 
known, in this case the pressure at any point is equal to 10 lbs. 

Next suppose the resultant 
pressure R falls exactly at ^rd 
of the joint AB, as shown in 
fig. 2i}l (6). Here you must 

T> 

observe that CD = «=» 10 

lbs,, points E and F are at the 
extreme points of the middle 
third and are joined to D as 
before. The resultant R is 
intersected at two points F and G and from these two points horizontal 
lines FB and GH are drawn as before. The pressure figure is ABDHA 
and the ordinate at any point is the pressure at that point. The 
pressure at B is zero and at A = 20 lbs per square foot. Similarly the 
pressure figure (a) and (6) fig. 292 are drawn for difEereiit positions 
of the resultant R. In fig, (a) 
the resultant R falls within the 
middle third, and the maximum 
and minimum pressures in com- 
pression are 14*2 and 5*8 lbs, 
respectively from the ordinates 
at A and B. In fig. ( 6 ) the 
resultant R falls outside the 
middle third and hence the 
sufrace AB is subjected to 
compression and tension, then 
the pressures are 25*6 lbs, compression at A and 5*6 lbs tension at B, 
The above results can also be verified by the usual formula as 
follows:— The maximum and minimum pres8ures=^i^, wbere^^Jjj^ 

the resultant load R or the vertical component of R, A = sectional area 
of base, M = bending moment, that is, the product of the load into its 
distance from the centre of gravity of the base, Z= Section modulus 
of the base and for rectangular section J b d^. 



Students must remember this well. 


// 
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In fig. 391 {h) the maximum and minimum pressures are equal to 

— ±v» W-B^lOO ma., A=10'xl'=]0 M = lOOx = J66'66 


pounds feet, Z s= | 5 x 1 X 102=-^«3]6’66 units. Then 

+4^® ^o20 IBs and 0 IBs. Ana. The same result we got by 

the pressure figure. Similarly for (a) and (b) of fig. 292 we get 

W.M lOO.lOOx-7 A W.M 100^ 

X=*-Z=l(r±-l6-^“^^^®" and 5 80 IBs Ans. _±--=_± 

100x2*1 

^ -~-aa25*6 lbs. compression and 5*6 Dbs. tension, 
lo 00 

EXAMPLE 14: — The top of a tall circular brick chimney has an 
internal diameter of 15 feet and a thickness of I' — 6"; at 100 feet 
below the top its internal diameter is 17 feet and its thickness 2' — 3", 
Find the amount and position of the resultant pressure at this plane 
assuming that wind pressure is concentrated 50' below the top and is 
equivalent to 30 lbs per square foot of projected area and that brick- 
work weighs 120 lbs per cubic foot. State whether there is any tention 
on the joints of the brickwork and express your opinion as to the 
sufficiency of the design. 

( 1. Sc. Eng. part II, 1921. ) 
SOLUTION: — The total weight of this chimney may be calculated 
as follows.— Internal diameters at top and bottom are 15' and 17' 
respectively and external ones are 18' and 21' — 6". See figure 293, 

Then the mean internal and external diameters are — ^ — aal6' and 

18^21*5' 

— = 19*75' respectively. The mean of these two is equal to 

17*876'. 'I'he total volume of the masonry is equal to »r D X width of 

22 

the ring X height X weight of masonry =»y x 17*875' x 1*875' X 100 x 120 
_ 8848125 ^ 

Total wind pressure is equal to as per formula P=a^5pd, where 
Psstotal wind pressure, p = wind pressure per square foot of vertical 
surface = 30 lbs, d! = projected width of the section at right angles to 

21*5+ 18 

the direction of the wind= — X 100^1975 squre feet. Then 


Then the mean internal and external diameters are 


■ 16' and 


>564*29 tons. 


Pb» •6x30x1975. 


15 X 1975 


= 13*22 or say 13 tons. Let ns call the 
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total weight of the chimney as W and the wind pressure as P, The 
total weight W acts at the centre of gravity of the section downwards 
as shown in the diagram and wind pressure P at 50' from the ground. 
By combining these two loads W and P for their resultant R we see 

that the resultant R cuts the 
base at S. This point S is 
within the middle third or 
the core of the section of this 
chimney. The middle third 
or the core of a section for 
this chimney is calcutated 

from the formula , 

where C = the width from the 
centre line to the middle 
third or the core, D = exter- 
nal diameter at the section, 
dsst internal diameter at the 

^ 21*52+172 

section. ThonC = - 7 ^ — rr-;--=s 
8x21*5 

4*36 at bottom, and at tope=» 
1 k 2 4.152 

\ These widths 

O X lo 

are shown in dotted vertical 
lines in the diagram. The 
vertical component of the resultant R to be taken toactat S and this divided 
by the annular or the supporting area of the chimney will give you the 
ordinate CD = 564,29-r 19*25 x 2*25=4*14 tons. The pressure figui*e 

ABKLA is then drawn as usual and the whole base is subjected to 
compression only. The intensity of pressure at B is 5*2 tons and at A 
3 tons per square foot. These pressures are within the safe limit and 
the design is very satisfactory. The vertical scale for this figure is 
1"=40' and the horizontal scale is 1"=:10'. The reason of taking 
these two different scales in this figure is to show clearly to the stu- 
dents the line of action of the resultant, the pressure figure, and its 
distribution over the base clearly, A different scale of 1"= 8 tons is 
taken to plot the ordinate CD and the pressure figure, and the scales 
for W and P are 1" = 400 tons and r'-=J00 tons respectively in the 
same ratio as the linear scales. 

EXAMPLE 15:— A timber beam 8' long and 12" square floats in 
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water. The weight of the timber ia 40 lbs per cable foot and of the 
water 62*5 lbs per cubio foot. An additional weight of 300 lbs is placed 
at one of the extreme ends of the beam. Draw the bending moment 
and shearing force diagrams, assuming the weight of the beam acting 
at its centre of gravity. Determine the portion of the beam that ia 
outside the surface of the water. 



SOLUTION:— 
The weight of the 
beam is equal to 
1 X 1 X 8 X 40 « 
320 Tbs acting at 
its centre of gra- 
vity and an addi- 
tional weight of 
300 lbs is placed 
at the left end of 
the beam. The 
resultant R of 
these two loads is 
determined by the 
polar diagram and 
the equilibrium 
polygon as shown 
in the figure 294. 
The pressure 
figure ABLKA is 
drawn as per fig. 
292 (b), for the 
position of the 
resultant pressure 
R. The area of the 


compressive figu- 
re= X 6*0 =s 


640 IbS; and the 


area of negative 


figure X 1*2 = 20 Iba nearly. The net area = 640 — 20 = 620 Ibsss 
2 


the external load. The pressure figure is equally divided and the loads 
are named as per Bow’s notation. The magnitudes of the forces are 
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a h~23&4, b c:= 179*2, crf=: 128*0, de=76‘8, e/«25*fl and/^«i20 Ba, 
thfs iast force f g is acting downwards and the rest of the loads are 
aOting upwards as shown in the figure. In the load line the external 
loads also are included and mamed as/ k and h a. The bending moment 
and shearing force diagrams are drawn as usual as shown in the figare« 

The pressure is zero at the point M in the beam and the pressure 
at A ia equal to 188 lbs measured from the pressure figure^ therefore 

1 88 

the depth of water at the point A = ^^^ = 3 feet. From A a height 

APsss3' is taken and PM is joined and this represents the surface of 
the water. The water mark intersects the top surface of the beam at 
N, and the ordinate in the pressure figure at this point ia exactly equal 
to 62*5 lbs. This shows the water level is drawn accurately. 

THE RESISTANCE FIGURE OR THE MODULUS FIGURE. 

In part I we gave a short description of the ''Resistance Figure’^ 
or "Modulus Figure^^ by referring to the figure 48 (6). Now the method 
of drawing the resistance or the modulus figure graphically will be 
shown for different forms of sections. To start with take a rectangular 
section shown in fig. 295. First find the neutral axis, this axis exactly 
passes through the centre of gravity 
of the section, since the section ia 
symmetrical. Draw base lines 1 — 1 
and 2 — 2 to touch the upper and 
lower extremities of the figure 
respectively. Then draw some more 
horizontal lines 3 — 3, 4—4 as shown 
and project the intersected points at 
the sides of the rectangle to the base 
line 1—1. From 1—1 draw lines to 
meet the centre of gravity of the 
section. These two lines intersect the 
horizontal lines 3 — 3, 4—4^ 5 — 5 at 3' — 3', 4' — 4* and 5' — 5'. The 
shaded triangular figure is known as the Modulus Figure for the 
upper half of the section, and for the lower half similarly you can 
draw as shown. 

Section Modulus=: Area of either half of the resistance figure 
multiplied by the length to the centres of gravity of the resistance figure. 

Section Modulus or X | 

4 ^ o 




Ofci#; 3hrt. MISOBttiiiJl^Oird Hi' 

M()b^iit o!t Inertia or tssS'eetiod ttodalas maltiplied by the 

distanbe y of thii 'extreme fitir'e from the neutral axis. 

r bd^ bd2 d bd» 

I= — = 

EXAMPLE 16:— Draw the inoduluB figure for the new British 
Standard equal atigle 2i"x2i"x i" and from this calculate the section 
modulus and moment of inertia of the section. The neutral axis passes 
at *80" from both the sides of the angle iron. 

iSOLUTIOE— Here the neutral axis is not at the centre of the 
section and it is nearer to the outermost tension fibres. Therefore two 

modulus figures one for 
compression and another 
for tension can be 
drawn. Modulus figure 
for compression.— Draw 
the base line through the 
uppermost fibre parallel 
to the neutral axis at a 
distance y c from the 
neutral axis and draw 
another base line below 
the neutral axis and 
parallel to it at the same 
distance y e from the 
axis. If you draw the 
base line below, through 
the outermost tension 
fibre, i. e. at a distace 
y t from the axis, the 
extreme fibre stress f t 
will be less than the extreme fibre stress f c, because y t is less than 
y c. The areas of the modulus figures above and below the neutral axis 
must be equal to each other, therefore the base line below the neutral 
axis is to be taken at y c distance to satisfy the above condition. 

The modulus figure is drawn similar to the figure 296. Soction 
modulusfsiarea of the modulus figure multiplied by the distance of 
centres of gravity of the resistance figureaa*4225 x 1*72 = *72. 

Moment of in erti a = Section modulus multiplied by the distance 
y d to the extreihe fibi'e from the neutral axis aa* 72 x 1*7= 1^2, 

35 
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The modulus figure for tension is drawn in figure 297 thus. The 
base line is drawn below the neutral axis through the outermost tension 

fibres at dis« 
tanoeand another 
base line above 
the axis is drawn 
at the same dis- 
tance y U Here 
you observe the 
intensity of stress 
above the base 
line & c is greater 
than the stress 
in the fibres at 6 c 
hence the outline 
of the modulus 
figure at 6 e 
must be continued 
upwards to meet a line drawn throngh the extreme fibres parallel to 
the axis. Then only the areas of the modulus figures will be equal to 
each other. 

Section modulus Z = ‘83x I 7=1*50 

Moment of inertia I=sZ x 1*5 x 1*7=2 55 

Similarly you can draw the modulus figure for the flange-footed 
rail section shown in figure 298. The construction is clearly shown for 
upper half of the figure above the neutral axis and can be followed 
without difficulty. 

EXAMPLE 17: — Determine and measure the forces in the members 
A, B, 0, D, E and P of the given truss loaded as shown in the 
figure 299. 

The scale of the figure being ^ inch to 1 foot, draw the diagram 
of bending moment for the horizontal beam, and measure the maximum 
bending moment. 

( I. Be. Eng, part II, 1931. ) 

SOLUTION:— This truss as a whole is a difficient one for want of 
two members as per following formula.— Number of bars in a perfect 
frame = 2 J— 3, where J=r the joint. There are 7 joints in this truss 
2x7— 3=11. Ihere must be 11 members to make this frame perfect. 
In this frame there are only 9 members, and hence the stress diagram 
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will never close. The members 5-8, and 6-8 cannot have direct 
stresses but they are subjected to bending moments. 



Plot all the 
given loads in 
a load line as 
1 - 2 - 3 - 4. and 
draw the force 
triangle 3-4-5 
for the rgh( 
hand top chord 
joint. Next draw 
the polygon of 
forces for the 
remaining two 
joints on the 
same chord as 
shown and by 
these you have 
determined the 
stresses in all 
the required 
members A. B, 
C, D, E & P. 


Now the members F, E and D are directly connected to the 
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the loads on the beam^ then these loads are to be resolved parallel 
and perpendicular to the beam as usual and draw the bending 
moment diagram for the vertical components as shown in the 
diagram, The maximum bending moment is under the load 6 — 5 
and measures 2’6 tons feet. 

DISTRIBUTION OF SHEAR STRESS IN A BEAM SECTION. 

EXAMPLE 18 Draw the intensity of shearing stress diagram 
for a rectangular section and also for the new British Standard 
steel beam section of 8"x4" shown in the figures 300 (a) and (6 
The vertical shear for the rectangular section is 10 tons and for 
the steel beam 6 tons. 

SOLUTION :~Con.4truct first the resistance figure of the'.section 


and divide that into 
any number of equal 
parts parallel to the 
neutral axis. The in- 
tensity of shearing 
stress on any horizon- 
tal plane is given by 

the formula f 

w 1 

where f 5«shear stress, 
A«area of the modulus 
figure above the sec- 
tion, S*=vertical shear, 
«;**width of the section 
at the plane, and I*» 
moment of intertia of 
the section. 

The given rectang- 
ular section measures 
4”x8” and the area of 
the modulus figure 
above the section 1-1 
4+ 3 

is equal to ~ — xl=I« 
3-5 y=4*u>=4«. S= 


10 tons, I' 

4x lO xJ 
'512 


BD» 

12 " 12 

120 ^ 15 
512 or 



512 YS 

•— . Here is constant for anysectioip 



MISCEI<Z<A$rjSQn# ISXAlfPLEH. 


m 


p®' 


wj. 4 , ^ 64 ' 

4+2 

At section 2—2, the are^ o£ the modnloafiguress— g— x2s=6 □", 

. 6 15 90 . „„ 

4: ^ 64= 256 P®" ° ' 

At section 3—3, the area A=^-^-^ x 3=^=7*5, 

.*. /«ss-^x^=*43 tjon per Q'^. 


A the neatral axis NA the area of the modtilus figure above this 
line is equal to | x 4 = 8 then / « = | x = *46 ton per 

Lastly plot all these values at these sections and draw a fair curve 
as shown. 


Again for the steel beam draw the modulus figure and divide the 
section into any number of parts parallel to the neutral axis. The 
moment of inertia of the beam from the tables about the axis XX = 55*63, 


YS 4x6 

The given vertical shear = 6 tons, then the constant 


= *43. 


At section 1 — I, the area of the modulus figure above that sections; 
x-25 = -96 


f 8 sz = — X *43 ss -103 ton per 

^ 10 i 4i r 

At section 2 - 2, A =s '96 + ( x *5 ) =? 2*28 □" to » V4r, 

0«OQ 

/sss j^X*43 = *68 ton per 

At section 3 -3, A * 2-23 +( - x -5 ) ss 2*64 to =s •28*', 

2*64 

f 8 sz X *43 = 4*05 tons per 

As section 4—4, A = 2*64+( x 1 ^ = 2*83 Q", 

2 83 

ft — X *43 ss 4‘34 tons per □" . 

At section 5—5, Ass2'83 + ( - X 1 )s=2*95 Q", 

2*95 

f *— O". 
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At the neatral axis K*A, area A=2’95+^ -^X 1 ^»8*00 0*^ 

/ * as ~ X *43 sa 4*6 tons per 

From these two shearing stress diagrams we observe that there 
are small intensity of shear stresses in the flanges and almost even 
distribution of shear stress over the web area. Therefore the web is to 
be designed to resist the whole shearing action. 

TRUSSED BEAM, BOLLMAN TRUSS AND FINK TRUSS. 

In the trussed beam shown in flgure SOI (a) the load AB is exactly 
in the centre and in the stress diagram we observe that the stress in the 
central strut DE is exactly 
equal to the external load AB. 

If there are more than one 
struts in the length of the 
beam such as we observe in 
the Ballman Truss in the 
figure (b) the stresses in these 
struts are equal to the 
external loads that are acting 
directly over them as observed 
in the figure (a). This fact 
enables us to draw the stress 
diagram very quickly as the 
usual method of drawing the 
stress diagram is very 
labourious for Ballman and 
Fink Trusses shown in the 
figures (6) and (c) 

Ballman Truss. — The 
stress in the strut 1—2 is 
equal to the load AB and in 
the load line 1—2 is taken 
equal to the load AB and from 
1 and 2 lines are drawn parallel to the ties 1 E and 2 E. In this forco 
triangle 1 e and 2 e represent the stresses in these two ties. Similarly 
the force triangles 3 — 4— e & 5 — 6— e are drawn for the other two struts. 
The stresses in the horizontal members A— 7, B— 8, C — 9 and D— 10^ 
are equal to one another ; the magnitude of the stress is equal to sum o£ 
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the horizontal components of the stresses of the ties. These components 
are shown in dotted in the force triangles. Hence each horizontal 
member is stressed to the amount of ef+e h. Beactions are equal 
W 

to where W ssum of all the loads as the loads are symmetrical. 

Fink Traas: --Figure (c) sho^s the Fink Truss. In this the central 
strut is to bear the froces equal to the vertical components of the 
stresses in the ties 2 £ and 5 E in addition to the load BC. Since the 
ties are equally inclined to the struts^ the vertical components of the 
ties are equal to half of the loads AB and CD. Hence the stress in the 
central strut is equal to twice the load BG as the loads are symmetricaU 

As usual three force triangles are drawn and the stress in each 
horizontal member is equal to sum of all the horizontal components of 
the stresses of the tiessss/q-e ^ + e 

Note:— 11 the loads are unsymmetricaly the same method of 
procedure should bo followed. 
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Angular velocity.— -The velocity of a rotating body is usually 
measured in revolutions per minute, or in radians per second, A radian 
is the angle subtended at the centre of a circle by an arc of that circle 
equal in length to the radius, and also the radius is contained in 
the circumference times. Therefore in a circle there are 
radians. One circle contains 360°, one radian is equal to 860° divided 
360 

by2?rss-~ — =:57*3° nearly. Suppose a body makes N revolutions 

tt TT 

per minute, then its angular velocity which is generally denoted by 
the Greek letter omega W is — 

27rN 




60 


The relation between the linear velocity and the angular velocity 
is obtained from the following equations,— 

V 

us Oi) r, then w , where u=s linear velocity in feet rer second, 


r = radius in feet of the circle round which the point moves, 
velocity is given in N revolutions per minute, 

2 TT r N 


If the 


u = - 


(0 rsz 


W = 


"60 

27rr N 
60 
27rN 


60 


If 71 is the velocity in revolutions per second u=:2^r w. 
EXAMPLE 1: — A rod AB is 8 feet long and it rotates at 90 
revolutions per minute about A. What is its angular velocity in 
radians per second ? 

2 TT N 2 7r X 90 


SOLUTION : — An gul ar velocity 
2x3-1416x90 


CO = 


60 


60 


60 


-s=9-42 radians per second. Ans. 


Angular Acceleration— A rotating body may have a constant or 
variable angular velocity ; if it has a variable velocity, the rate of 
increase of angular velocity is known as the Angular Acceleration. 
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METHOD OF DRAWING THE VELOCITY & ACOELEBATION DIAGRAMS- 


The following brief notes are to be known by the students in 
drawing the velocity and aoceloi'ation diagratns,— 

( I ) Usually the velocity and acceleration of one point in A 
mechaniam of a particular configuration are given and from these the 
diagrams are to be drawn, 

( 2 ) To the known velocity or acceleration of a point the relative 
velocity or acceleration of a second point in the mechanism is to be 
combined, but this relative motion may not be completely known, still 
we can draw a locus of the image of the sacond point. 

( 3 ) The direction of the relative velocity of two points in a rigid 
body will be perpendicular to the straight line which joins them. From 
this fact wo can understand that one point describes a circle relative 
to the other. 

( 4 ) There are two components in tho relative acceleration of two 
points, Ono is the magnitude and tho other the direction. Tho magni 

tude r is along the line joining the two points. Here -wssthe 

V 

relative velocity, r=s tho distance between tho poinfs. The direction 
will be along tho perpendicular to tho lino joining the points as a r, 
where a = angular acceleration. 

( 5 ) The velocity diagram is to be drawn first and from this the 

masrnitude of the relative acceleration is to be calculated from — and 
o r 

when this is done, tl'o direction only of the other component will be 

known, and in this case wo can draw the locus of the imago of tho 

second point. 

EXAMPLE 2: — Figure 302 shows the simple engine mechanism 
whose crank is 9" long and rotates in the clockwise direction at 90 
revolutions per minute. Its connecting rod is 4 foot long. Determine 
the velocities and acclerations of points E, P and P, 


SOLUTION: — Velocity Diagram. — The crank rotates at 90 revolu- 

2 ^ N 

tions per minute and by using the formula we have CO = — ~ ==5 

60 

2^x90 


60 


=5 9*42 radians per second. The velocity of the end of the crank 


o cs: LO rss9*42 X ®2 = 7*06 feet per second. Select any origin O and 
draw a line o c perpendicular to 00 to any convenient scale 7*0i feet, 

36 
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The point P moves along OP and therefore from o draw a line op 
indefinitely parallel to OP. Again the point P moves relative to 0 
along the porfondicular to OP. Honoe draw a line c p perpendicular 
to CP. This is a second locus of P and the point p is tho intersection of 
the two loci. The complete velocity diagram is o c p. Scale for this 
diagram l"s;4 feet por second. 



To find tho velocity of any point E on 00, divide o c in tho same 
ratio as E divides 00, then tho length o e gives tho velocity of E 
relative to 0. Since 0 is fixed oe is tho al solute velocity of E. 
Similarly the velocity of any other point F on PC is represented by of 
in the diagram. Here / divides p c in tho same ratio as F divides PC. 

Acceleration Diagram.— There are two bars in this mechanism and 
we know their velocities from the velocity diagram. The acceleration 

7*002 

along the bar OC = — = = 66*45 feet per second per second and 

3 ’22 

that of tho bar CP= y - =2*56 feet per second per second. 

Drawn' c' to some suitable scale 60*45 foot 8ec2, parallel to CO, 
In this case 0) is constant tho point C has no component acceleration 
perpendicular to OC, therohne o' c' is the acceleration of C. 

The resultant acceleration of P is a.ong PO, therefore draw a line 
through o' parallel to OP indefinitely and tho acceleration of P relative 
to C has two components, one of magnitude and another of direction. 
Draw C' — p'c' equal to 2*56 feet scc^ parallel to PC and through 
jpV 3raw a line perpendicular to PC. Then p' is the point of intersec- 
tion of the two loci. Join p' to c' and p' c/ o' is the complete acceleration 
diagram. Scale for this diagram 1"=:40 feet por sec. per sec, 

To find the acceleration of any point E in 00, divide o' c' in 
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th« same ratio as E divides OC. then o''e^i8 the acceleratioi^ of the 
point E. Similarly the acceleration of any other point F in PC is 
represented by the line 6^ 

Note : — p' c" ie only a point used in construction and has not got 
any value. 

Velocity of point E-^o e-'4‘7 feet per sec. 

•* t» »• F“0 6 M •> n 

»• » « P“*o p“*6 7 ,f ff ,, 

Acceleration of £>°o' e'»45 feet per sec. per sec. 

.,F = o'f=38 .. 

» .. o'p''= 27 „ „ „ ,. 

EXAMPLE 3 The bar AB of the four bar mechanism shown 
in the figure 303, rotates at 10 revolutions per minute in the 
direoticn shown. When the mechanism is in the configuration 
indicated in the figure, find (a) the angular velocity of BC and CD ; 
(b) the angular acceler«ition of BC and CD. The link AD is fixed. 



( I. Sc. Eng. part. II. 1930. ) 
Solution Velocity Diagram.— 

From the formula «) =» ^ ^ 

go 1*05 radians per 

second. Velocity of the bar AB* 
2*5 . 


> 1*05 radians per 


r«l'05 X 


*218 foot per sec. 



the same ratio as E divides BC. 


Select any orgin O draw o b per. 
pendicular to A.B to represent 
this magnitud? to any suitable 
scale in the direction of the 
rotation. From b and o draw b 
c and o c perpendicular to BC 
and CD, then these two lines are 
the loci of C and henca their 
point of intersection. A and D 
are fixed points and therefore 
their images coincide with pole 
^ O. Then o c 6 is the complete 
velocity diagram, and the velocity 
of any point E in BC is repre- 
sented by o c if c divides c in 
Scale for this fig. is 5^ *1 foot, per sec. 
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Angular vel. ut—vir. ® of BC and CD are each=s-^^«*6? radian 
per 8ec. 

Acceleration Diagram — Tabulate the relative velocities of ends 
of bars and radial accelerations of bars as shown here. 


Name of bar. 

Rel ; Vel : of ends of 
bar in feet per sec. 

r 

Length of bar 
in feet 

r 

i 

Radial accelera- 
tion of bar=~ in 
r 

feet sec*. 

AB 

o 

•208 

■218* „-228 
•208 

BC 

b c=*155 

•25 


CD 

c d--155 

•25 

•1 'i'i* 

.= -096 
•25 


Draw o b parallel to AB of length equal te *228 ft. sec®, 
towards BA and from b'^ and o^ draw and o^— c^c/^ each 

equal to ’096 ft. sec*, towards thedirections CBandCD respectively. 
Now you should draw the first locus of through b^ perpendi- 
cular to BC and a second locus of through perpendicular 

to CD. C is the point of intersection of the loci, then o^b^ 
the complete acceleration diagram. Scale - 5^^ =1 foot per sec*. 

The acceleration of any other point such as E on the link 
BC is represented by the line c^and its sense being from the 
pole to the point as shown in the diagram. On measuring we obtain 
the following result ; — 

Acceleration of the bar AB - *228 foot per sec. per sec. 

„ BC=112 

*• »• CD —2^0 ,, „ „ ,, 

„ of the point E in BC ^ ‘250 ,, 

Angular accelerations of the bars BC and CD are a = — ==*24 

r 

and 1*02 radians sec*, respectively, where a » tangential component 
of acceleration of the bar. 

Note : — The line b' ^ b^ dTAwn parallel to BC indicates 
the radial component of acceleration of C relative to B and 
the line C^b'^C is the tangential component of acceleration 
of C relative to B. Similarly the line O^- {T drawn 
parallel to CD is the radial component of acceleration of C 
relative to D, and CT' drawn perpendicular to CD is the 

tangential component of acceleration of C relative te D. These 
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points C' y and C' d' do not coant in the acoelepation*, but they ave only 
points used in construction. Scale. — 1"=40 feet per second. 

Angular acceleration a = tangential acceleration -rn 
EXAMPLE 4:— Draw the velocity and acceleration diagrams of 
the given linkage which is a combination of 4 bar chain and slider 
crank chain for the position shown in the figure 304. The bar AB 
turns at 30 radians per second, A and D are fixed and the slider is 
constrained to move between the bars at F hoiizontally^ 



SOLUTION: — Velocity Diagram. — The bar AB turns at 30 radians 
per second and the velocity of B relative to A is C*)r=i30 x^=-22*5 
feet per second perpendicular to the radius in the direction of rotation 
of AB. Select a pole o and from it draw o b perpendicular to AB to 
represent this magnitude to any suitabie scale. The points A and D 
being fixed have zero velocities, therefore their positions are afr 
0. The velocity of C relative B is perpendicular to BC, therefore 
draw b c perpendicular to BC, also tho velocity of 0 relative to D is 
perpendicular to CD, hence draw d c perpendicular to CTD. The inter- 
section of these two rays gives the point (7. Now produce c d to e 
so that d e to be in the same ratio to c e as DE is to CE, next the 
velocity of F relative to E is perpendicular to EP. Hence draws/ 
perpendicular to EF and the point F is constrained to slide horizontally 
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in its guides and therefore draw o/ horizontal, then the intersection 
of these two rays gives you the point/. The velocity diagram is 
completed, Scale r'=40 feet per second. 

Acceleration Diagram. — Tabulate the velocities and radial 
accelerations of the bars as shown below.-— 


Name of bars 

Rel: vel: of ends of 
bars in ft: per sec. 

r. 

Length of bar 
in feet 

r 

Radial acceleration 

of the harass ~ 
r 

in ft. sec2. 

AB 

0 6 = 22-5 

•75 

-,5- = 675 

BC 

6 c = 20 0 

1 

1^ = 400 

CD 

cd = 17 

1 

i^= 144-5 

EP 

e/=15-5 

3 5 

'”=6801 


Draw o' 6' = 675 feet sec^. parallel to AB, here O) for AB is 
assumed to be constant and hence no tangential component. Point 0 
relative to B has radial component of acceleration 400 ft. sec^, draw 
5' — (7' 6' equal to this magnitude and from the point C' V draw a line 
indefinitely at right angles to 6' — (7' 6'. Again the point 0 relative to 
D has 144*5 ft. sec^ as for it^ radial acceleration, draw o' — 6^' A' to this 
magnitude and draw another line for its tangential acceleration 
indefinitely. These two tangential acceleration lines meet at C". Now 
C' is the point of intersection of the loci. Join V c', and the points 
A and D being fixed have zero velocities and hence a' d' coincide with 
the origin o'. The line d' c' is the acceleration of the bar CD. The 
point e' is to be fixed in a line with c' d' in the same ratio as E stands 
in the line ODE. Then CD : DE :: c' d' : d' e', substituting the values 
we have 12 : 21 :: 960 : d' e'. d' c' x 12 = 960x21, d'e' = 1680 
ft. seo2. 

Point P is constrained to move horizontally, therefore draw o'/' 
horizontal. The radial acceleration of F relative to B is 68*64 ft. sec^, 
drawe'— /'e' parallel to FE and draw its tangential component as 
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Bhown and it will interseofc the Jine o' /' in Join *e' /' and the 
complete acceleration figure is o* V c' S^'cale,— l"sa;800 feet per 

sec. per sec. 

The accelerations of any other points such as P and Q in the 
links BC & EP are represented by the lines o* p' and o' q* respectively 
and their sense being from the pole to the points as shown. 

EXAMPLE 5:— The crank AB of the mechanism shown in the 
figure 305 turns at 30 radians per second. The slider P is constrained 
to move on the guides horizontally. Determine the velocity and accele- 
ration of the point E for the given position of the mechanism. AB = 
ti", BE=r-9" and EF=«15". 



SOLUTION: — Velocity Diagram.— The velocity of the bar AB 
relative to A=: (#) r = 30x '5= 15 ft. per sec. Draw o b perpendicular 
to AB equal to this magnitude. Since the points A and 0 are fixed 
they have zero velocities and coincide with the origin O, The velocity 
of D relative to C is perpendicular ('D, also the velocity of D 
relative to B is perpendicular to BD Therefore draw the loci of the 
point D by drawing o d and i d perpendicular to CD and BD respec- 
tively. Then d is the point of intersection of the loci, 

The point e is to bo fixed in the velocity diagram in the same 
ralio as E is in the lino BDE. Therefore BD : DE : : b d:d e, then BD x 
d (?=:DEx6 d. Substituting the values we have 14(i c = 7xll d 

77-r 14 = 5*5, Next the point F is constrained to move horizontally in 
its guides, draw o/ horizontal indefinitely. The velocity of the point E 
relative to P is perpendicular to EF, therefore from e drawn a line 
perpendicular to EF and it will intersect the horizontal line o/at/. 
The figure o b d e f is the complete velocity diagram. The line o e 
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represents tho velocity of the point E=»26 feet per oeoond. Scale,-— 

20 feet per ^ec()n(i. 

Acceleration Diagram. — Calculate the velocity and radial accele- 
ration of each bar and tabulate them as shown below.— 


Name of bar 

Rel: Vel; of ends 
of bar in ft. per sec. 

Length of bar 
in feot = r 

Radial acceleration 
of the bar=s 

— ft. sec^. 

T 

AB 

o6=l5 

•5 

y“=45o 

•5 

BD 


1*04 

112 

= 116.34 

CD 

c d = 22*5 

•79 

640-82 

EP 

c/=5 

1-25 

=20 

1-25 

Take anj 

r origin o' anl draw o' i' = 450 ft. 

sec^. equal to tlie 


radial acceleration of AB. Then get tho first locus of the point D 
relative ti B by drawing b' — ci'b'= I16*eil ft sec^ which is the radial 
acceleration of BD, and its perpendicular component as shown. The 
second locus of tho piint D relative 0 can be determined by drawing 
o'— d'e' 2 = 640*82 ft. sec^. which is the radial accelerati m of CD and 
its perpendicular component. The^^e two perpendicular components 
meet at d', j »in V' d' and produce 6' d' to e' in the same ratio as E 
stands in the bar BDE, viz : BD : DE : : 6' d' : d' e', BD x d' e' s= DE x 
6' d'. Substituting tho numerical values we have 14 d'e':s 7x1520 
/. d (?s=7fi0 ft. sec2. 

The point P Is constrained to move horizontally in its guide there- 
fore draw o'/' to an indefinite length. The point E relative to P has for 
its radial acceleration from the table above 20 ft. seo^., and therefore 
drawe'— /'e' ©qnal to this magnitude with its perpendicular component. 
Then this perpendicular component intersects o' /' in /', The complete 
acceleration diagram is o' 6' d' e'/'. The line o' e' is the acceleration 
of the point E. Scale. — l"=r800 feet per sac, per sec, 

EXAMPLE: 6 — In tho mechanism in figure 306, AB is 4" long, CD 
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8 inches, BD 16 inches and CE 20 inches long. AB rotates at 150 
revolution per minute and the point D is guided to move in straight 
tine GH. Find the velocity of the point E when the mechanism is 
in the configuration shown in the figure. 

( I. Sc. Eng. Part II, 1929. ) 


SOLUTION : — Velocity Diagram: — AB rotates at 150 revolutions 

per minute and the angular velocity in radians per second is equal to 

27rN_ 2^150 ^ 

= 15 7 radians per second. Then velocity r = 


60 


60 


H, 

/ 


15 7 *=5*23 fee: per 

second. Draw o 6 = 5*23 
ft. per second perpendi- 
cular to AB and the 
velocity of D relative to 
B is perpendicular to 
BD, therefore draw a 
line from 6 perpendi- 
cular to BD indefini- 
tely. Now the point D 
is constrained to move 
along the line GH^ 
therefore from O draw 
a line parallel to GH. 
This will intersect the 
line drawn from 6 
perpendicular to BD at 
hence the point d is 
fixed. The point C is to 
be fixed in the line b d \xi the same ratio as C in BD, the point C is 
exactly in the centre of the bar BD, therefore fix the point C in the 
centre of the line 6 d. Next the velocity of the point E relative to 
C is perpendicular to CE therefore draw a line from C perpendicular 
to CE indefinitely. The point E moves in a straight line EK» there- 
fore draw a line from O the origin, a line parallel to EK, you find 
that this will intersect the line drawn fromC perpendicular toCE at 
e, then o e is the velocity of the point E. This measures to the scale 
2*2 feet and the velocity of E is therefore 2'2 feet per second or 
2 2 X 60 » 132 feet per minute. Ans. Scale feet par second. 
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Acceleration Diagram. — Prom the velocity diagram* tabulate the 
velocity and radial acceleration of each barinthe order as shown beloer. 


Name of bar 

Bel : vel : of ends 
of bar in ft: 
per sec. v — <^r 

Length of bar 
= r in feet 

Radial acceleration 

= — ft, sec.® 
r 

AB 

0 b - 5-23 

1 

J 

-j— = 82*05 

.'i 

BD 

bd^i-6 

n 


CE 

ce=5-7 

n 

19-49 


Draw o' b' equal to the radial acceleration of 82’05 ft sec.® 
parallel to BA. then from 6' draw the radial acceleration of D relative 
to B = 9 72 ft. sec®, anddraw its perpendicular component indefinitely. 
From the origin o' draw a line parallel to GH, as the point D moves 
in this line. This line which is drawn parallel to GH meets the 
tangential acceleration line of the point B in c?'. Join b' d' and in 
this line the point C is to be fixed exactly at the centre as the point 
C is at the centre of the bar BD. From C’ draw the radial accelera' 
tlon of the point E relative to C = 19*49 ft. sec.® parallel to EC and its 
perpendicular component indefinitely. The point E slides along the 
line EK and therefore draw a line from o' parallel to EK and this 
line will intersect the tangential ecceleration of the point E at c'. 
The line o' e' gives you the acceleration of the point E and it measu- 
res to the scale 18 ft. sec.® Ans Scale l'' = 60 feet per sec. per sec. 

EXAMPLE?: — A mechanism shown in the figure 307 has cranks 
BC and EF rotating about fixed centres C and P respectively, and A 
slides in the line AO. AB = ED=FE = 3 feet, BC = BD = 1 foot. The 
point B has a velocity of 50 ft. par second. When 9 is 30* determine 
(l)the velocities of tlie points Dand E. (2) the accelerations of D andE. 

SOLUTION Velocity Diagram. — Draw ob equal to the velo- 
city of 50 ft. per sec. to some suitable scale at right angles to BC. The 
vilocity of A relative to B is perpenlicular toAB, therefore from the 
point b draw a line perpendicular to AB indefinitely but the point A 
is constrained to move along the line AC and from the point o draw 
another line parallel to AC tomeetthe linedrawnfrom6perpendioular 
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/7<y. 3(PZ 


to AB at a. Prodnoe a b to d saoh that 6 d to be in the same ratio in 
a d as BD is 
in AD» Next 
the velocity of 
E relative to 
D is perpendi- 
cular to ED 
and also the 
velocity of E 
relative to F 
is perpendi- 
cular to EF, 




' o c 


Acre - 

therefore draw from d and /lines d c and / e porpondicular to DE and 
FE respectivtdy, then the point c is fixed in the diagram. The velo- 
city diagram is completely drawn. The velocity of D is o fi and it 
measures fi2 feet per second, and that of E is o c = 59 ft, per second. 
Scale l"=i50 feet per second. 

Acceleration Diagram. — Tabulate the velocity and radial acceler- 
ration of each bar in the order as usual. — 


Name of bar 

Rel: vel: of ends of 
bar in ft. per soc. 

v = r. 

CB 

0 5 = 50 

AB 

a 5 = 44 

DE 

II 

EP 

e/=59 


Length of bar 
r in feet. 

1 Radial acceleration 

= — in ft, 860.2 
r 

1 

■^ = 2500 

3 

if =6*5 

3 

242 

“ = 192 

O 

3 

^ = 1100 


3 


From the origin o' draw o' V equal to 2500 ft. sec.^ to any scale 
and draw 6'— a' 6'»615 ft. soc.^ the radial acceleration of the bar AB 
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and its perpendicular component, but the point A moves horizontally 
and this line meets the tangential acceleration of the bar AB in a\ 
Hence a* is fixed. Next produce a' V to d' and fix d' in the line a' d' 
in the same ratio as D is in the line AD. From d* draw d'— e' d'nail92 
ft sec^ the radial acceleration of the bar DE and its tangential compo- 
nent of acceleration indefinitely. From the origin o' draw o'— 

1 160 ft. sec^ the radial acceleration of EF and its tangential, acceleration 
indefinitly. These two tangential accelerations of the bars DE and PE 
inters^^ct at o' as shown. Join o' d' ano, o' c', these two lines represent 

the accelerations 
of the points D 
and E. Accele- 
ration of Ds«2fi20 
ft sec^ and that 
of E= 1800 ft. 
sec 2 Ans, Scale 
1"=:2000 ft. 8ec2. 

EXAMPLE 8:— 

Figure 308 is an 
outline sketch of 
a Joy valve gear. 
Yon are required 
to construct the 
velocity and acce- 
leration diagrams 

for the position of the crank who'^e length is 18" and makes 18Q 
revolutions per ramuie. 

SOLUTION: — Velocity Diagiaiu, — Crank makes 180 revolutilons 
2^^ N 

per minute and (a) ~ 1 8*85 radians per secon 1. Velocity = 

18*8^ X 1*5 = 28*26 ft. per second. Draw o h equal to this magnitude toj 
any cunvement scale at right angles to AH along the direction of 
rotation. The velocity of H relative to 0 is perpendicular to BO, so from 
h draw a line at right angles to BO indefinitely and the slider 0 is cons- 
trained to move horiz intally, therefore from the origin o draw an hori- 
zontal line to intersect the line drawn from h at right angles to BO at 0, 
bix the pnint d in 6 c in the same ratio as D stands in the line BO. The 
velocity of E relative to D is perpendicular to DE, and the velocity of 
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the same relative to P is perpendicular to EP* Therefore draw from d 
and/ lines d e and f e perpendicular to DE and EF to intersect in e as 
shown. The point g is to be in the centre of d e m G exactly bisects 
the line DE. The velocities of the point L relative to G and K are 
perpendicular to the lines LG and LK. These two perpendiculars meet 
at 1. The line ^ 2 is to be produced to h proportionately as H stands in 
the line GH. Lastly the slider M is constraiiied to move along the line 
MH, therefore from the origin draw a line o m horizontal; the velocity 
of H relative to M is perpendicular to MH, Draw therefore from h a 
line perpendicular to MH to meet om at m. The velocity diagram is 
completed. Scale 1"=S0 feet per second. 

Acceleration Diagram. — As usual determine the velocities at 
the ends of the bar from the velocity diagram and calculate the radial 

xi^ 

acceleration of each bar by the formula — and tabulate them.— 

T 


Name of bar 

Rel: Vel. at ends 
of bar t; s= (0 r 
in ft. sec. 

Length of bar 
r in feet. 

Radial acceleration 

— in ft. sec.^ 
r 

AB 

0 &=>28’26 

1-5 

28-262 

1*0 

BO 

1 c=1660 

5 

i^'-55n 

0 

DE 

d 30*00 

3-25 


GL 

g /a22-00 

3*25 

222 

^2=148-95 

HM 

A m=9'00 

4-83 

-^—ss 16*77 

4-83 

EP 

e/-»22*00 

1*66 

222 

^-291*66 

LK 

1 X;a>4*25 

2*83 

^■25* AOS 

2-83 ® 


From the origin o' draw o' V equal to the radial acceleration of 
632*85 ft. sec.^ the radial component of acceleration of C relatire to B.. 
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55«11 18 next to be drawn from h\ Then 6' — C7'5' is drawn in dotted 
line to represent this magnitude and from its tangential component 
is drawn at right angles to this indefinitely. The joint C is constrained 
to move horizontally in its guides, therefore dtaw from the origin a line 
o' o' horizontal and this will intersect the tangential component drawn 
from G'6' at c' as shown; join h* c'. Fix the point d' in 6' c' in the same 
ratio as D is in the line BC. The radial component of acceleration of 
E relative to D is 280 ft, sec.^ and also its radial component of acceler- 
ation relative to P is 291*56 ft. sec.^ therefore draw d' — e'd' = 280 para-* 
llel to DE and/'— c'/'«291*56 parallel to EF from the origin o'. Next 
draw their corresponding tangential accelerations from c'd' and c'/' 
then these two lines will intersect at e'; join d' c' and o' e'. Fix the point 
g' exactly at the centre of the lino d' e* as G is at the centre of the line 
DB, The joint L similarly has two radial components of acceleration 
148*95 and 6*38 ft, sec.^ relative to G and K respectively^ Drawing 
the corresponding tangential components of acceleration as usual you 
get the point V as shown. Join g' V and produce g' V to A' so that V h' 
to be in the same ratio in the line g' h' as LE is in the line GH. 
Lastly the point M moves horizontally and its radial component of 
acceleration relative t) H is equal to 16*77 ft. sec.^ From the point h' 
draw parallel to MH and its tangential component of accele- 

ration indefinitely. From the origin draw o' m' horizontal, these two 
lines meet at m'. Join h' m'. The acceleration diagram is now completed. 
Scale 1"=500 feet sec. 2 


EXAMPLE 9:— In the mechanism shown in figure 309 the crank 
AB rotates at 200 revolutions per minute. Find the velocities and 
accelerations of 0, D, E, F, and P. Also find the velocity of F relative 
to E, of D relative to E and of P relative to P. [B. Sc. Bng. Part 1, 1932.] 
Use the following scales: — Linear scale 2"= 1'. Velocity scale 1"==* 
5 feet per second. Acceleration scale I" = 50 feet per sec. per sec. 

SOLUTION: — Velocity Diagram. The crank AB rotates at 2U0 


revolutions per minute, then C/O = 


2 7^N 
00 


2x3-1416x200 

00 


20-94 


radians per second. v = W r=s20*94 x 1=20*94 feet per sec. Draw ob 
to the scale specified above equal to 20*94 feet per sec. at right angles 
to AB. The velocity of B relative to 0 is perpendicular to BC, therefore 
draw from b a lino perpendicular to BC indefinitely and the point C is 
constrained to move along the line C A, so from the origin o draw a lino 
parallel to OA and you observe that this line intersects the line drawn 
perpendicular to BO at C, The point d is to be fixed in the line 6cm 
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the same ratio as D stands in the line BO. The velocity of D relative 
to E is perpendicular to DE Draw from d a line perpendicular to DE 
indefinitely and the point E is 
constrained to move vertically, 
therefore from the origin draw a 
line vertically down to intersect 
the line drawn from o perpendi- 
cular to DE at e. Produce d e to 
f so that c / is I of d e as EF is | 

DE. The velocity of P relative to 
P is perpendicular to FP, draw 
from/ a line perpendicular to FP 
indefinitely and the point P slides 
horizontally, therefore draw from 
the origin a straight line horizontally 
to intersect the line drawn perpendi- 
cular to FP at p The figure o b cf p 
is the complete velocity diagram. 

Connect o d and of* 

The velocities of 0, D, E, F 
and P are 18, 18, 10, 13, and 

1*2 feet per second respectively. 

( approximate ). The velocity of 
F relative to E is 6, of D relative to E is IT'S an! of P relative to F is 
13 feet per second approximately. Scale used 1"=20 ft. per sec. 

Acceleration Diagram.— First tabulate the velocities and radial 
accelerations of these links in the order as shown here to enable you 
to draw the acceleration diagram.— 


Name of bar 

Bel: Vel: of ends 
of bar in feet per 
sec.u=-0)r, j 

Length of bar 
in feet 
r. 

Kadial acceleration of 
^2 

the bar — in ft, sec.^ 
r 

AB 

20-94 

1 

20-^-1-438-48 

BO 

15 

4 

1^=56-25 

4 

DE 

17-5 

3 

17-52 

^ a -102-08 

0 

EP 

13 

3 

132 

^ = 56-33 

0 


From the origin o' draw o' h* parallel to AB to represent an 
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acoeleratinn of 438*48 ft. secB. Sinoe (>) is oonstant B bas no tan* 
gential acceleration, and therefore o' V is the acceleration of B, The 
radial acceleration of BC is 56'25 ft. eec^. as per table above, draw h’— 
C'h' equal to 56*25 ft. seo^, parallel to BC and from the point C'h' draw 
its perpendicular component of acceleration indefinitely. You know 
the resultant acceleration of the point C is along AO. Hence draw a 
line through o' parallel to AC and this line will intersect the perpendi* 
cular component of acceleration of the point C in c'. Join h' c' and 
locate the point d' in the line h'c' in the same ratio as D is in the line 
BC. The radial component of acceleration of the bar DE is 102*08 ft. 
sec*., draw d' — e' d' equal to this magnitude and its tangential compo* 
nent of acceleration. The point B is constrained to move vertically 
therefore from o' draw a line vertically downwards to intersect the 
tangential component of acceleration of the point E in g', Join d' c' 
and produce d' e' to/' so that e'/' to be in the same ratio in d' f as 
EF is in the bar DE. Again the radial acceleration of P relative to P 
is along PF, therefore draw/'-^'/' equal to 56'33 ft. sec.2 parallel 
to PF and draw its tangential component of acceleration indefinitely as 
shown and the point P is guided to move horizontally. From the origin 
o' draw o' p' to intersect the tangential component of acceleration of the 
point P at j)'. Join /'yj'and the acceleration diagram is now completed. 

The acceleration of the points C, D, E, F and P are approxi- 
mately 310, 325, 140, 180 and 80 feet per sec. per sec. respectively. 
Scale used in this diagram is 1"=300 ft. sec^. 

iVbte:— Relative velocity of ends of bar t7a)(||)r. Angular velo- 

city («)=". Radial component of acceleration of ends of bars=(|)u. 

Tangential component of acceleration of ends of barso. Angular 

acceleration 0—~, 
r 

See fig. 309. The acceleration of B relative to A is towards BA, 
when 5' is fixed, the next point is 0, then the acceleration of 0 rel: to 
B is towards CB and not in the direction of BO. In the line i'c' tho 
point d' is to be fixed up, when d' is fixed, the acceleration of E rel; to 
D is towards ED. The point /' is to be fixed by producing the line 
d' e' to /', when /' is fixed, the acceleration of P relative to F is to- 
wards PF. Students should be very careful in the directions of these 
radial accelerations specially while drawing acceleration diagrams. 



EXERCISES 

CHAPTER IV. 

(1) A teak cantilever 9''x6" proiecta 5 feet from the wall. 
Determine the greatest safe load that can be placed at its free end| 
allowing a safe stress of 1200 Iba. per / Ans. 0*72 ton. ] 

Draw the bending moment and shearing force diagrams for the 
following examples graphically. 

( 2 ) Cantilever figure 3 10. Total load sa 10 tons. 

( 3 ) Cantilever figure 311, has two supports in the wall as shown# 
Determine the magnitudes and directions of reactions. 



(4) Cantilever fig. 312, distributed load of 1^ tons for 3 feet 
from the free end. 

( 6 ) Two cantilevers 5' long carry a beam of 15' in the centre 
with the loads as shown in the figure 313. Bending moment diagram 
is to be drawn in one common figure and also shearing force diagram. 

Hint. — The funicular polygon is to be drawn as usual for the 
given loads, the intersecting points of the load lines BO and EF with 
the funicular polygon are to be connected and this represents the 
closing line of the funicular polygon for the loads on the central beam, 
and then the same closing line is to be produced both ways to meet the 
fixed end supporting lines of the two cantilevers. This represents the 
common bending moment diagram for both the cantilevers and the 
supported beam. 

{ 6 ) A balcony projects 6 feet and is carried by a number of 
beams, spaced 8' apart, and built into the wall at right angles to it; 

88 
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the outer end of each beam being supported by a pillar whose reaction 
is equal to one-third of the whole load on the beam. The balcony is 
loaded with 100 lbs. per square foot. 

(а) Draw the shearing force diagram for one of the beams. 

(б) Draw the bending moment diagram for one of the beams. 

(c) Calculate the maximum bending moment and state where 
it occurs. 

(d) State where the points of zero bending moment are situated. 

( I Sc. Eng: Part I, 1931. App: xMech, ) 

[ Ana. (c) 4j800 lbs. inches^ at the fixed end of the beam. 

(d) At 2' from the fixed end & at the right support, ] 

( 7 ) A beam of 16' clear span carries two separate loads 2 and 4 
tons at 4 feel from each support, and also 8 tons uniformly distributed 
Draw the shearing force and bending moment diagrams to scales of 
1"=4 feet, and 1"«4 tons. ( City & Guilds Exam. 1915. Mech Eng. ) 

( 8 ) A beam of 15 feet span is supported nt each end and carries 
loads of 40 and 100 lbs , respectively, at distances of 8 and 11 feet 
from the left hand end. Draw a shearing force diagram for the beam 
and find the shearing force at points 6 and 10 feet from the left hand 
end, [ Ans. 68 and 28 lbs ] ( Civil Eng: Drg: 1931. ) 

{ 9 ) A beam is 30 long and carries an uniform load, over its 
whole length, of 500 lbs, per foot run. There is a downward reaction 
at one end, and an upward reaction 10 feet from that end. These are 
the only supporting forces. Draw carefully the diagrams of bending 
moment and shearing force, (B. 8c. Eng. Part I, 1922 Theo: of Struct.) 

( 10 ) A rectangular beam, 25 feet long, is supported *3 feet from 
the left end and 2' feet from the right end. It carries 200 pounds per 
foot uniformly distributed, 600 pounds 1 foot from the left end, 
800 pounds 7 feet from the left end and 1200 pounds 6 feet from the 
right end. Diawto scale the bending moment and shearing force 
diagrams, stating clearly the maximum values in each case. 

If the allowable stress is 1000 D^s per square inch and the depth 
of the beam is three times its breadth, find the necessary dimensions 
for the cross section of the beam. 

( B. Sc. Eng: Part I, 1931. Strength of Mat: ) 

[ Ans. Maxi Bending moment ^ 12^600 lbs. feet. Shearing force 
3000 lbs 9 Size of the beam 14'\ ] 

( 11 ) Prove that tho algebraic sum of the moments of any two 
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forces about any point in their plane is equal to the moment of their 
resultant about the same point. 

A beam 20 feet long rests on two supports 16 feet apart^ and 
overhangs the left-hand support 3 feet, and the right hand support by 
1 foot. It carries a load of 5 ton^ at the left-end of the beam^ and one 
of 7 tons midway between the supports. The weight of the beam, 
which may be looked upon as a load at its centre, is 1 ton. Find the 
reactions at the supports. What upward force at the right-hand end 
of the beam would be necessary to tilt the beam ? 

( I. Sc. Eng; Part I, 1930 Math: ) 

[ Ann, 10 and 3 tons reactions, 2^82 tons, J 

( 12 ) A simply supported boam has a span of 20 feet and 
supports concentrated loads of 5, 10 and 8 tons at 6, 11 and 13 feet, 
respectively from the left hand end and also a uniformly distributed 
load of 2 tons per foot run beginning at 4 feet from the left hand end 
and extending 11 feet along the beam. Draw the shearing force and 
bending moment diagrams. ( B. Sc. Eng: Part I, 1926. ) 

( 13 ) Two concentrated loads of 8 tons each and 7 feet apart 
move across abiidge of 60 feet span. Draw the curves of maxima 
bending moments and shearing forces. ( B. Sc. Eng: Pait II, 1926. ) 

( 14 ) A cantilever bridge consists of anchor arms 500 feet, canti- 
lever arms 300 feet, and suspended truss 400 feet long. The bridge 
carries a uniformly distributed load of 2 tons per foot run. Draw the 
bending moment and shearing force diagrams. Discuss the advantages 
of this type af bridge const luction. ( B. Sc, Eng: 1924, ) 

( 15 ) A beam AB is 40 feet long and is supported at two points 
G and D, the distance AO being 10 feet and the distance BD being 8 feet. 

There is a load of 5 tons at A and a load of 4 tons at B, Thera is 
also a load 8 tons in the middle of the length CD. Draw diagrams of 
bending moment and shearing force for the beam, and give values of 
the bending moment and shearing force at the two supports and at a 
section halfway between the two supports. ( B. Sc. Eng: Part I, 1924 ) 

[ Ans 50 and 32 tonsfeet at the supports and 3 tonsfeet at the 
centre. 4*81^^3* 19 and 4 tons shear* J 

( 16 ) Two loads 10 and 15 tons respectively at 6 feet apart roll 
over a girder of 60 feet span. Draw to scale the maximum ^bending 
moment^ and ^shearing force' curves for the girder. 

( B. Sc Eng: Part I, 1924 ) 
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( 17 ) A rolling loadi consisting of two wheels of 5 tons each and 
12 feet centre to centre, moves across a beam 20' span. Find the 
maximam bending moment, and also find the position of the load to 
give the maximum bending moment when the load is confined to the 
span, and write down the value of this maixmum, (City and Guilds 1921.) 

[ Ans. 25 tons feet. At IB feet from one of the supports and its 
value is 24*5 tons feet. ] 

( 18 ) Draw the diagrams of bending moment for a braced girder 
of 6 bays or panels, span 120.feet, if the bridge is uniformly loaded 
with a load of 1 ton per lineal foot: — 

( 1 ) When theifloor consists of trough flooring laid erosswise 
and carried on the lower flange of the girder. 

(2) When the trough^ flooring is laid longitudtially and 
carried on cross girders at the panel points. (C. E. Sub-ordinates 1925 ) 

( 19 ) Draw the shearing force diagram for a girder of 80 feet 
span freely supported at each end and carrying a uniform load of 
2 tons per foot run on a length of 60 feet from the loft hand end. 
Determine the value of the maximum bending moment, and mark on 
your drawing the section at which this occurs. (City and Guilds 1920.) 
/ Ans. 1406*25 tons feet at 37^5 from the left support. ] 

(20) Determine the maximum value of the live load shear in 
the bay B of the girder shown in figure 314 due to a locomotive of the 
following dimensions passing over the bridge from E 2 to Ri : — 

Axle load in tons 127, 168, 167, 10. Distances between axle 
centres in feet 7, 8, 7, (The inclined members are inclined at 45 
degrees to the vertical ). ( City and Guilds 19l5, ) 

[ Ans. 36*6 tons, (approx) ] 

( 21 ) A gilder of I section 8" deep is supported at its ends and 
has a clear span of 12 feet. It carries a uniformly distributed load of 
^ ton per foot run over its whole span, and a concentrated load of 6 tong 
placed 4 feet 6 ins, from one end. 

Draw the shearing force and bending moment diagrams for the 
girder and £id the deflection produced by the loads at the point in the 
girder immediately beneath the concentrated load. 

Moment of inertia of section about neutral axi8s=;20*2 inch^ units. 
E«b 13, 250 tons per square inch, V City and Guilds 1915 ) 

[Ans. Deflection under the load:=sV92 inches.] 

( 22 ) A foundation 60 feet long ( See fig. 315 ) is subjected to 
two upward forces of 50 tjns each at two points 10 feet from each end. 
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Between these points there is a uniform downward load of 5 tons per 
foot. The Bupported force along the lower surface of the foundation 
is uniform over the whole length. Determine the values of the bending 
moment and shearing force at the points of application of the 50 ton 
loads, and at the middle of the span. Draw the diagrams. 

/ Ant 83' 33 tom feet and 150 tons feet at the centre. ] 



and project 4 feet beyond the inner edge of the wall, which forms a 
simple support for the floor beams as shown in the flg. 316. The floor 
also carries a uniformly distributed load of 100 lbs. per foot over the 
whole span of 20 feet. 

Find the position and magnitude of the maximum bending 
moment on the floor, and sketch the bending moment and shearing 
force diagrams. 

[ Ans. Max: bending moment— 816T‘6 lbs. feet at 12* from the 
left support. ] 

( 24 ) A. beam AB is hinged at A and supported by a vertical 
chain at B. It is inclined at 60° to the vertical and is acted upon by 
four forces as shown. Find the tension in the chain and the direction 
and magnitude of the reaction at the hinge. Use the funicular 
polygon, and prove that the method is correct. Draw the bending 
moment and shearing force diagrams, AGssEF=4 feet. DE=FB=s 
6 feet. CD = 2 feet. 

[ Am. Tension in the chainss20 lbs, reaction at the hinges: 
26*26 lbs. acts at 62° to the horizontal. ( Approx.) ] 

( 25 ) A vertical post ABCD freely supported at A and D is loaded 
through the framework BCE. The loads carried, 200 tbs. horizontal 
and 200 lbs. vertical, act at E. See fig. 318. For these conditions draw 
the bending moment shearing force and thrust diagrams for the post. 
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( 26 ) A beam 30' long rests on two supports, each support being 
5' from the end. A load of 2 tons hangs from one end of the beam^ 
one ton from the other, and 4 tons rest on the mid point at the beam, 

( a ) Calculate the reactions at the supports. 

( b ) Draw to scale the diagram of bending moment, state 
clearly the scale employed. 

( c ) State the value of the maximum bending moment in tons feet. 
{d ) Determine the points of zero bending moment. 

( I Sc. Eng: Part I, App: Mech: 1930 ) 
f Ans (a)4'25and 2"15ton8; (c) 12*5 tons feet; (d) 4*44^ and 
2^857' from the left and right support,] 

( 27 ) A beam 30' long, rests on two supports, each support being 
5' from one end. A weight of 2 tons hangs from one end of the beam, 
1 ton fiom the other eni and 4 tons from the mid point of the beam. 
Draw the bending moment and shearing force diagrams and give the 
magnitude of the maximum bending moment and state where it acts. 

( I. Sc. Eng: Pait I, 1929. App. Mech, ) 

[ Ana, Max: Bending moment ^12* 5 tons feet ^ at the point of 4 ton load J 
( 28 ) A beam 25' long and freely supported at the ends carries 
a uniformly distributed load of 50 tons. 

Draw to a scale, the bending moment and shearing force diagrams, 
and find, by measurement to scale, the shearing force and bending 
moment and at a distance of 3 feet from one end of the beam. 

( Dip: Eng: 1931. ) 

[ Ans. 66 tons feet and 19 tons*] 

( 29 ) A train of 3 wheels 10, 20 and 5 tons at 10 feet centres 
crosses a span of ?0 feet In what position must this train stand ta 
produce the maximum bending moment at the middle of the span ? 
Calculate this bending moment. Is this maximum necessarily the 
greatest bending moment that can occur at any section whatever ? If 
not, show how to obtain the section at which the obsoluta maximum 
occurs, and find its value. ( B. Sc. Eng. Part II, 1391 Theo, Struct. ) 

[ Ans, When the 20 ton axle load is exactly at the middle of the 
span and its valuesss625 tons feet Yes, this is the greatest. ] 

( 30 ) One of the girders of a travelling crane of 50 feet span has 
to carry two rolling loads of 5 tons each spaced fi feet apart. The 
wheels rest directly on the plate girder, and there is, therefore, no 
platform effect. Draw the bending moment and shearing force diagrams 
and get an envelope of all possible bending moment diagrams. 

( B Sc. Eng. Part I, 1922 Theo. of Struct. ) 
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(81) System of wheel loads shown in fig. 319 moves along a 
girder across a span of 60 feet. Determine the maximum bending 
moment and shear force at a section 20 feet from the right hand 
abutment. Find also the position and the magnitude of the greatest 
bending moment which occurs at any section of the girder due to this 
system of loading, ( City and Guilds 1920. ) 

[ Ana. 673^85 tons feet and 29"9l tons. The greatest maxm: 
bending moment occurs at the middle of the beam when 20 ton axle 
load is over that point and its value is ?35 tons feet. ] 



( 32 ^ The diagram shown in fig, 320, represents the locomotive 
axle loads of the heaviest type of engine known as Mallet Articulated 
compound Locomotive ( 1. M, Class ) of ( M and S. M. Railway Co., 
Ltd, India ) metre gauge section in working order. Draw the bending 
moment and shearing force diagrams for a truss bridge of 120 feet spaa, 

CHAPTER V, 

( 1 ) By means of the method of sections, describe how you would 
calculate the forces in the members of an N girder loaded at the pin 
joints of the lower boom. ( B. Sc. Eng: Part I, 1926. ) 

[ Ans. See part I figs 95, 96 and 97. ] 

( 2 ) Prepare a stress-diagram for the unequally loaded girder 
shown in figure 321. ( C. E Subordinates 1925. ) 

( 3 ) Draw the bending moment for the deck type lattice girder 
when loaded as indicated in the figure 322. Determine with the aid 
of this diagram the loads in the members AB, CE and BD. 

( City and Guilds 1920. ) 

[ Ans. 25^ BD^55*5j CE^91 tons, J 
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(4) The diagonal members of the girder shown in fig 323 make 
an angle of 45° to the vertical, and the bays are all of equal length. 
Draw the stress diagram for this girder when each of the five panel 
points within the span of the lower boom carries a dead load of 10 tons. 
What is the load in the bar MN ? ( City and Quilds 1915. ) 

[ Ans, MN-5 tons. ] 


Fto. sef. 


F/G. 32Z. 


rVT;rrr7/iTT 



F/G. 3e3. 



( 5 ) A girder 40 feet span and supported at the ends A and B 
is free to slide over the support at A but fixed in position at B. The 
top chord is divided into 4 equal parts by three verticals, the centre 
one being 12 feet long and the others each 10' long. Determine the 
forces in the members of the girder for the loading indicated in 
the figure 324. ( L. E. Exam. 1931. App. Mechanics. ) 

[ Ans. Verticals sa 4 tons. Centre diagonals ^3 tons. End bottom 
chord members 1V4 tons, central bottom chord members 10*4 tons% 
top chorp me7nbers from left support 8 tons^ right top chord members 
12*4 tons. ] 

( 6 ) A roof truss fig. 325 is hinged at A and supported on a 
roller bearing at B, The spacing of the trusses is 16 feet, the uni- 
formly distributed load is 16 lbs. per square foot of the inclined roof 
surface, and the normal wind pressure is 20 lbs, per square foot. Draw 
the three force diagrams for (a) the dead load, ( 6) the wind load only 
acting on the left side, and ( c ) the wind load only acting on the right 
side. Tabulate the maximum forces in the members of the truss for 
the combined action of dead and wind load. State the maximum 
reactions at A and at B and show their directions. 

( B. Sc» Eng. Part I, 1932, Theo, Struct, ) 

[ xins, See the chapter on roof trusses Part J. ] 
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( 7 ) A Warren girder composed of equal equilateral triangles has 
six bays and is 120 feet long. A concentrated load of 60 tons hangs 
from each joint in the lower boom. The ends of the girder are simply 
supported. Determine the forces in the three members cut by a verti- 
cal section 35 feet from the left support. Determine a suitable section 
for the inclined member. (B Sc. Eng; Part II, 1923. Theo. of Struct. ) 

[Ana, Top chord 311 tona^ hottom chord— ‘294 tona. Inclined 
membera^34 tona. Two angles 4''x3''x may be used. ] 

( 8 ) Deduce 
the criterion which 
serves to show on 
inspection whether 
a plane frame con- 
taining N joints is 
perfect, deficient, 
or redundant. A 
roof truss shown 
in figure 326 is 
loaded at the joints 
as indicated. Determine, by any method, the forces in the members 
marked X, Y, Z. ( B. Sc. Eng: Part I, 1930. ) 

[ Ana, X^l'9 tons, 1—^5 ton and Z^3"b iona. ] 

( 9 ) State the tlnee guiding principles of statics which are applied 
to determine the fuces in the individual members of a perfect frame. 

A built-up framework is loaded as shown in fig. 327. It rests 
on rollers at A and B so that it can be easily moved. Calculate the 
nature and magnitude of the forces in the various members, 

( B, Sc. Eng. Part I, 1930. Theo. of Struct. ) 
[Ana. AB=:^-7, CD=-0, DE^O, JSiT^O, -f i, 

DA=^ -f i, EC=i -i-2, and AC ^1*2 tons, ] 

( 10 ) Each of the loads on the frame fig. 328 is 10,000 lbs. The 
panels are square, other dimensions are deleberately omitted. Draw 
the stress diagram, and tabulate all stresses. Cheek four of them by 
the method of stress coefficients and one other by the method of sections. 

Ana. Top chord three memhera-^dyOOO; 40^000; d 44,000 Iba reapectively. 
Bottom chord two horl-memhers— 25,000 d' 40,000 lbs, reapectively. 
Three diagonal web menibers-35y000; 2 [000; dfc 1000 lbs, respectively^ 
Three vert%clea-25fl00; 15,000; (f lOflOO Ihs, respectively^ 

39 
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CHAPTER VI. 

( 1 ) Draw AB horizontally from left to right and 5 inches long. 
Draw AO vertically 6 inches long. Join D the middle of AB, to 0. 
These are the centre lines of a Foundry crane^ carrying a load of 
2 tons at B, to a scale of one inch =2 feet. The reaction at A is along 
BA, Find the reaction at C. Find the stresses in AO and CD. Draw 
diagrams of bending moment, shearing force, and direct tension on AB. 
Neglecting the last named, design a suitable section for AB at D. 
Calculate the neglected tensile stress. Design and draw the joint at D. 

( B. Sc. Part I, 1923 ) 

[ Reaction at tons^ AG=^2 tonSi ionn, 

angle section 6''xG''x g" for CD and |" for AD with usual 

gusset and rivet connections. ] 

( 2 ) A triangle of sides 8, 7 and 9 feel. The angle bisectors 
form the plan of a derrick 10 feet high, on which is a load of 15 cwt, 
Find the stresses on each leg [ Ans 5t 5’ 6 and 5*8 cwts ] 

( 3 ) Figure 329 shows the plan ajid elevation of a three dimensio- 
ned framed crane. Determine the stresses in all the members for a 
load of 5 tons suspended at the free end, neglecting the weight of 
the crane. 

[Aws. ab and be eacft= — ac— +5*i, ads= —5*3, de, ef and fd 
each^ — i*l, cd-^-Vly ce=— 5*9, gd^^ge:^ ^0*8^ (jf=^ +6, gh^^8 4, 
fh^+12, fb^+7% a/=:/c= +8-5. ] 



( 4 ) State the conditions of equilibrium for any system of forces 
acting at a point. 

A tripod with three equal legs, each 8 feet long, is supported 
on a horizontal plane with the feet at the vertices of an isosceles 
triangle whose sides are respectively 8 feet, 8 feet and 5 feet long, 



EXERCWE8. 807 

Find tbe Btressea in the legs of the tripod if a load of 800 ffis, ii 
applied at the top. ( I. Sc. Eng. Part II; 1930 Math. ) 

[ An$, 270, 270 and 410 lbs ] 

(5) Figure 330 represents the line diagram of a pinjoitited 
Btrnotare. The vertical AO is divided into four equal parts of 5 feet 
length, AD is drawn at 30^ to the horizontal and is also 20 feet long 
and divided into four equal parts; CD is divided into six equal parts, 
and these points are joined by tnenbers as shown. The back-guy AB 
is at 45^ to the horizontal Find the tension in AB, and the magnitude 
and direction of the reaction at 0. Draw the force diagram for this 
structure and insert on each member in your line diagram its tension 
or compression. ( B. Sc. Eng Pait I, 1931 Theo. Struc. ) 

[ An«. Tension in AB sJ220 lbs» reaction at C = 2050 Ihs^ at 65P 
io the horizontal, ] 

( 6 ) Figure 331 is the line diagram of a crane, and is anchored 
down at 0 and B. The load carried at A is 5 tons. The dimensions 
of the members are as shown in the diagram. Draw the stress diagram, 
show the nature of the stresses in each member and the magnitudes 
and directions of the reactions 

[Ans. Reaction at C is along DC acting doionxoards^G'i tons 
and at B acts upioj^rde at 8S^ to the horzli^ll tons approx: ] 

CHAPTER VII. 

( 1 ) Calculate the forces in a framed truss for a roof over a 
railway platform; as per sketch. Trusses are 10' apart» Assume 
suitable loading. Angle of roof 30°. See fig. 332. 

( Civil Eng. Final, 1929^. ) 



( 2 ) The cantilever frame shown in fig. 333 has to carry a load 
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of 3 tons at the free end. The end B is hinged and the snrface at A is 
smooth. Draw the stress diagram. 

( 8 ) The cantilever shown in figure 334 is secured to the wall as 
shown. Assuming the wall is substantial to withstand the pull and 
push from the top and bottom chords of this braced cantilever, deter- 
mine the stresses in all the members due to a load of 1 ton at the free 
end. Panel length 2 feet, depth 2 feet. 

[ Ans. a5a=3, 6c = 2, (70 = 1, efs=tlj fg=»l, hk=:3, 

klss3, la^ssOj ak=iO, bh^cg — df ^1*4 tons. ] 

( 4 ) The bracket shown in figure 335 is subjected to a load of 
2 tons at the free end, Draw the stress diagram and determine the 
directions of reactions at the supports. 

[ Ans. Reaction at A is along AB and is equal to 4-75 tons. ] 

CHAPTER VTII. 

( 1 ) Figure 336 shows the arrangement of members of an inter- 
mediate transverse bent of a kneebracel mill bull^ling. The bent is of 
60 feet span, height 18 feet to foot of knee-brace, 24 feet to bottom 
chord and slope of roof 6 inch to 1 foot. Trusses are 16 feet apart 0 
to 0. The wind pressure is 15 lbs. per square foot perpendicular to 
the sides of the building and 11 lbs per square foot noimal to the roof. 
The columns aro assumed partially fixed at the lower end, with the 
point of contra flexure at one-third the distance between the lower end 
and the foot of the kreebrace; tho upper ends are considered 
supported. Draw the stress diagram, and also bending moment and 
shearing force diagrams for the leeward column. 

Note — Assume the wind shear to bo equally divided between the 
two columns, 

CHAPTER IX. 

( 1 ) A portal frame shown in figure 337 stiffens the ends of two 
main girders. A horizontal load of 10 tons acts at B, A, B, C anb D 
are pin joints. Determine the reactions at A and D and the forces m 
the members. Draw the bending moment and shearing force diagrams 
for DC. Determine suitable sizes for the cross sections of all the 
members. Note the horizontal 10 ton load may act at C instead of B, 
depending on the direction of the wind. ( B. Sc. Eng: Part II, 1924. ) 

[ Ans, Reactions at A = D=9*7i ions, AE—8\^ EB^4i 
FK^t% Jrff-i/2. BK^2V&and Kl^&tons. ] 
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( 2 ) The symmetrical frame shown in (his fiffnre 338 is pin 
jointed to rigid snpports, and carries a single central vertical load of 
50 tons. Determine the stress in the member marked X. 

[ Ans, Xai—50tont. ] 




FiO. 336^ 
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(3) The frame in figure 339 is in equilibrium, and the load 
carried by the horizontal member AB at its mid point is 1000 lbs. C 
and D are pin jointed and the joints A and B slide vertically. The 
whole frame is lifted by the upward force P applied at E and when 
the frame is in the position shown in the figureidetermine the force P 
and the forces in all the members. 

[ Ann. P^mO, AB^m, AF^BG^GOO, CF^GD^270, EF^ 

EG^SOO dvidf 0 D 90 Ibsu J 

( 4 ) Figure 340 represents a steel redundant framework acted 
upon by the two forces shown. All the joints are pin -jointed and the 
footings A and B do not move. The safe stress in the tension membera 
is 6 tons per square inch and in the compression members 5 tons per 
square inch. ( Members AC and BE are not connected at their point of 
intersection )• Determine the cross-sectional area of each member. 

( B. Sc. Eng; Part II, Theo. of Struct: 1932. ) 

[ Ans. AE^^53, ED^ 25, DC^ 29, GB^ 64, EC^-32, AC:=*52 
and BEmm^eO ] 


CHAPTER X. 

( 1 ) A masonry parabolic arch has a span of 60 feet, a width of 
16 feet, a thickness of ring of 3 feet and a rise of the centre line of the 
arch of 20 feet. Determine the maximum stress in the arch due to a 
mniformly distributed load of 3*5 tons per foot run over the whole span. 

[ Ans. Max: Stre8s=s8'3 tons. ] ( B. Sc. Eng: Part I, 1926. ) 
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( 2 ) A masonry segmental arch has a span of 60 feet, ring thick- 
ness of 3 feet, and rise of centre line of arch of 25 feet. Determine 
the maximum stress in the arch due to a uniformly distributed load of 
3 tons per foot run resting on the whole span and a width of 15 feet 
of arch. { B. So. Eng: Part I, 1924. ) 

[ Ans. Max: Stress 7 tons ] 

( tf) A segmental arch has a span of 150 feet, a rise of 40 feet, 
and is hinged at the ends and at the centre. The arch carries a uni- 
formly distributed load of 2 tons per horizontal foot run on half of its 
length. Draw the dipgrarn of bending moment and write down the 
maximum bending moment. ( 0. E. Subordinates 1925. ) 

[ Ans, Max: Bending moment =^852 tons feet, ] 

(4) Determine the foim of a linear arch of 90 feet span which 
shall exert a horizontal thrust of 20 tons, when carrying vertical loads 
of 6, 9, 7^, 6, 6 tons at intervals of 15 feet. Determine the rise of the 
arch at the crown, 

[Ans. Rise at croicn=^24*25 feet ] 

( 5 ) The span of a thr e hinged segmental arch rib is 200 feet 
and its rise 20 feet The horizontal span is divided into eight equal 
panels, and the uniformly distributed load of 2000 Ths. per lineal foot 
is supposed to be c moentrated at the panel points When the left half 
of the span only is loaded, draw the bending moment diagram to scale 
and write down the values of the horizontal thrust, the reactions at 
the supports and the maximum bonding moment, 

[ Ans, Horl: Thru^t=263000 lbs. Reactions 294000 and 25S000 
lbs. Max: Bending moment^ 12 fibyOOO lbs, feet, ] 

( 6 ) A 3 -hinged circular arched-rib of span 80 feet and 20 feet 
rise supports a concentrated vertical load of 10 tons at 25 feet measured 
horizontally from the left hand hinge. Determine the bending moment 
under the load ; and at the point of application of the load the shearing 
force normal to the rib and the thrust along the rib. 

{ B. Sc. Eng: Part I, 19‘iJ. Theo: of Struct. ) 
\^Ans, Bending moment^62 tons feet. Shear 5‘2 tons and thrust 
13*4 tons, ] 

(7) A three hinged circular arch of span 100 feet and rise 20 
feet supports a vertical concentrated load of 10 tons at 25 feet from the 
left abutment. Draw to scale the bending moment diagram for the 
arch, and state the shearing force on each of the three pin joints. 

( B, Sc. Bng: Part I, 19H2. Theo. Struct, ) 
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[Ans. Left hinge^V3 tom* Crown hingeszi*4 tone^ Right 
hinge ^2* 5 torn. ] 

( 8 ) A segmental three hinged areh has a span of 120 feet and a 
rise of 24 feet. It sapporta 1^000 lbs. per horizontal foot ran of the 
the span. Determine the magnitude and direction of a reaction, the 
value of the horizontal thrust, and draw the bending moment diagram 
for the left hand half of this arch. 

( B. ^c. Eng: Pait I, 1928 Theo. Struct. ) 

[ An$, Heaciion^ifGOOO lbs. Horl: thrust^ldOOO lbs. ] 

(9) In a three-hinged circular arched rib the span is 60' and the 
rise 12 feet. When the rib is loaded with a single vertical load of 
8 tons, acting at a distance of 20 feet ( measured horizontally ) from the 
centre pin, find the maximum bending moment on the rib and state on 
which cross section it occuis. Find also the magnitude of the 
NORMAL thrust acting on the same cr<»8s section. 

( B he. Eng: Part 1, 1930. Theo. of Struct, ) 

[ An^. Max: Bending momeni^42^9 tons feet at the loaded 
point* Normal thrust ^5‘9 tons. ] 

(10) Show how you would calculate the ^‘bending moment*^ at 
various sections of a uniformly loaded circular arched rib with three 
hinges and the ‘ shearing force’^ on each of the three hinge pins, 

( B. Sc. Eng: Part I, 1927. Streng: of mater. ) 

( II ) A three hinged parabolic arch, 60 feet span and 12 feet 
rise, is loaded with 20, 20 ^5, 10 and 10 t ms at horizontal distances 12, 
24, 34,45 and 50 feet lespectivcly from the left hand hinge. Draw 
the bending moment diagram at^d find the resultant thrust at each pin 
joint for the arch, 

Deteimine the Lendii g moment, the shearing foice, the resultant 
thrust, the normal thiust and tangential shear force at a section 
15 feet, horizontally, from the left hand abutment. 

( Sessional Work B. Sc, Eng: Pait I, 1932. ) 

[ Ans. Resultant thrust at the left hinge^69 tons, at crownsaQ? 
tons and at the right hinge^68 tons. Bending moment at the 
poiw^ = 6^. iShear^4 tons Resultant thru8t=.60 tons. Normal thrustsa 
59 6 tons. (Approx j ] 


CHAPTER XI. 

( 1) A suspension bridge has a span of 100 feet, width of roadway 
12 feet, and dip of 12 feet. The total uniformly distributed load is 
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200 lbs, per square foot. Determine the maximum tension in the cables. 
The cable passes over a pulley and the anchorage is inclined at 86® to 
the horizontal. Determine the horizontal and vertical loads on the 
pulley. ( B. 8c. Eng: Park II, 1928. ) 

[ Ans. Max: tension in the cables 135,000 lbs, Horl: load^a 
10,000 lbs. Vert: load: 137,000 lbs,] 

( 2 ) A cable 120 feet long is suspended between two points of 
the same height and 100 feet apart. An uniform load of 1500 lbs, per 
horizontal foot hangs from it. Find the greatest tension. 

( B. So. Part I, 1924, ) 

[ Ans, 202,000 lbs ] 

( 3 ) Sketch three different methods of transmitting the pull of 
the main cable of a suspension bridge over the top of a supporting 
tower, and analyse the effect of each of method on the tension in the 
anchor cable and on the force at the top of the tower. 

( B. Sc. Part I, 1932. Theo, Struct. ) 

[ Ana, See Pages 155 to 153, ] 

( 4 ) A suspension bridge 100 feet span and 20 feet wide is carried 
by two cables. The load is 200 lbs. per square foot. The dip of the 
cables at the centre of the span is 10 feet. The cable weighs 480 lbs. 
per cubic foot and the working stress is 4 tons per square inch; deter- 
mine a suitable ^‘cross-sectional area’^ for one cable. 

( B. 8c. Eng: Part II, 1923. Theo. of Struct. ) 

[ Ans, S'92 or 9 square inches ] 

( 5 ) A buspension bridge lins a span of 100' and a depth of 15 
feet J the floor weighs I ton per foot run. Neglecting the weight of the 
chain draw the parabola of the bridge to a convenient scale, and find 
the values of the terminal tensions. If the backstays are fixed at 60° to 
the vertical, find graphically the tensions in them which will be 
necessary to prevent horizontal stiess on the supports. 

[ Ans, Terminal tension^40 tons. Tension on the backstay to 
prevent horl: 8tress=35*4 tons, J 

( C ) A Suspension biidge has a span of 324 feet and a dip of 7^ 
span. The distributed load is 162 tons. Find the chain tension at 
lowest and highest points, 

[ Ans, 120*5 and 127 tons, ] 

( 7 ) A suspension bridge has a span of 200 feet. The left abut- 
ment 18 30 feet higher than the right abutment and a dip of chain 
at the middle of the span is 20 feet measured from the line connecting 
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the abatmetits« There are vertical suspension rods at intervals of 
20 feet, loaded with 10, 13, 16, 20, 16, 10, 10, 10, 10 in the order from 
the left abutment. Determine the shape taken by the bridge cable and 
measnre the horizontal pull in the links. 

[ Ans. Horl: pull in the Iink8szl78 tom. ] 


CHAPTER XII. 


( 1 ) A girder is 50 feet long and carries a uniform total load of 
2 tons per foot run. It is fixed at one end and simply supported at 
20 feet from the other end. Draw the bending moment and shearing 
force diagrams. ( B. Sc. Eng: part I, 1924. ) 

[ Am. See example 10 page 188. ] 

( 2 ) A cantilever is uniformly loaded throughout its length. Find 
where a prop must be placed in order that it may support one-half of 
the load, the top of the prop being at the same height as the unbent 
cantilever. Construct shearing force and bending moment diagrams. 

( B. Sc. Eng: Part I, 1929. 8. Mat: ) 
p / S \ WS^ 

[Hint: — U$e formula \ ^ 8 El* 


pages 188 and 192. ] 

( 3 ) A girder is 50' long and carries a uniformly distributed load 
of 2 tons per foot run. It is fixed at one end and simply supported at 
the other. Draw the bending moment and shearing force diagrams. 

( Diploma Eng: 1927, ) 

[ Am. See example 8 page 185. ] 

( 4 ) A continuous beam, 80 feet long, rests on level supports at 
each end and at points 25 feet from each end. It carries a uniformly 
distributed load of 1 ton per foot run. Draw to scale the bending 
moment and shearing force diagrams. State the maximum bending 
moment in an outer and in the middle span, and the force on an end 
and on an inner support. (B. Sc. Eng. Part II, 1931. Properties of Mat.) 

[ Am. Maxi Bending moment in an outer and in the middle 
8pan^76^25 tom feet. End supporting force 9* 46 tons and inner 
supporting force=30*53 tons. 

(5 ) A winch drum is supported on a raised platform carried by 
the cantilevers A and B which are fixed rigidly in the wall ( See 
fig- 341 ) The maximum load 10 tons may be assumed equally divided 
between A and B at the position marked. A and B are supported at 
the outer ends by a cross girder 0, which again is carried by a short 

40 
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central rigid column* If tlie moments of inertia of the cantilevers and 
cross girder are Isa 280 inches, determine the re^^olions on the central 
column and at the wall. Sketch the bending moruent diagrams for 
the cantilevers and cross-girder, stating the maximum values in eaoh^ 

Find the maximum stress in each cantilever and in the girder if 
the depths are 12". ( B. Sc. Eng: Part II, 1931. Theo. Struct: ) 

[ Ans. Reaction at the column=iV62 ions. Reaction at the wall^ 
2*19 tons. Bending moment for cantilevers ^1*6 tons feet. 

Max: Bending moment for the cross girder ^3' 24 tons feet. Max: 
stress in cantilever and girder and 3' 24 tons respectively. ] 

( 6 ) A beam of 20 feet clear span has its ends firmly built into 
the supports and carries a load of 10 tons uniformly distributed over 
the 20 feet between the supports. 

Draw the bending moment and shearing force diagrams, and show 
clearly where the bending moment changes sign and where it is a 
maximum and a minimum. 

If the beam is of reinforced concrete how will the steel be 
arranged ? Indicate this clearly by a sketch, taking into consideration 
both bending and shearing forces. 

( 1. Sc. Eng: Part II, 1931. App. Mech, ) 

[ Ans. Bending moment changes its sign at 4*22' from fixed 
ends and max: at the fixed ends and minimum at the centre. ] 

( 7 ) An encastre beam ( i. e, a beam with fixed ends ) has a clear 
length of 30 feet and supports a uniformly distributed load of 1 ton per 
foot run ( inclusive of its own weight ) and also a concentrated load of 
10 tons at 10 feet from the left support. Draw to scale the bending 
moment diagram and state the maximum bending moment and its 
distance from the left support. (B. Sc. Eng: Part I, 1932 Theo. Struct.) 

[ Ans. Max: Bending moment is at the left fixed end^ll6*4 
tons feet, 

( 8 ) A rolled steel j nst, fixed at the ends, has a span of 30 feet 
and carries a dead load of 1 ton p^r foot run. Calculate a suitable 
cross section, ( B Sc. Eng: Part i, '<^'28. Theo. of Struct ) 

[ Ans. Steel joist 20"x6i"xf)5 Ihs per foot, ] 

CHAPTER XIII. 

( I ) A Continuous girder has two equal spans, 200 feet each, 
and is to carry a uniform moving load of 1,000 tbs. per lineal foot, 
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which can be distributed in any manner o^er the spans. Find (a) the 
distributions of the load which will give maximum positive and negative 
shear at the centre of onespan^ (5) the points of inflexion, (e) the 
loading for maximum positive and negative bending moments at a point 
half-way between an inflection point and the centre support. 

( City and Guilds, 1926, ) 

[ Arts, (a) Loads to he distributed to cover half the span from 
the end supports* (h) 65* from the centre support* (c) Loading to 
cover throughout the spans. J 

( 2 ) Write down the theorem of three moments for a continuous 
beam loaded uniformly. 

A continuous girder in three spans, ABsa200feet, BC = 50feet, 
CDss200 feet, is loaded uniformly with 1 ton per lin. foot over the first 
two spans. Find the supporting forces and the bending moments at 
the centre of each span and at the supports B and C. 

( City and Guilds, 1926. ) 

[ Ans- Rf^^79*68^ Rq^114*10, Rq^ 56*22^ R^yts^O, Bending mo^ 
ment at the centre of Ist span^2050^ centre of ^nd span 1700 tons feet 
at the centre of the 3rd 8pan=^0* At 4062" 49 tons feet. At C=^O.J 

( 3 ) A horizontal girder 80 feet in length and carrying a uni- 
formly distributed load, including its own weight, of 2 tons per foot, is 
lifted by three hydraulic rams which are placed one under each end 
and one under the centre of the girder. 

The three rams are all of the same diameter and the cylinders are 
in hydraulic communication with each other. Draw the bending mo- 
ment diagram for the girder, (B. So. Eng: Part II, 1931. Theo. Struct:) 

[ Ans, Bee example 1 page 193. ] 

( 4 ) A beam is continuous over two spans 20' and 40' respectively. 
The three supports are on the same level. There is a ‘central load^ of 
10 tons in the case of the 2 > feet span; and one of 4 tons for the 40 feet 
span. Draw:— (a) the shearing force diagram and (5) the bending 
moment diagram for the continuous beam, 

( B. Sc, Eng: Part II, 1923. Theo: of Struct, ) 

[ Ans. See example 4 page 199. ] 

( 5 ) A continuous girder of uniform cross section crosses two 
spans, 40 feet and 30 feet long, and is simply supported on three 
supports at the same level. The Span of 40 feet carries a uniform load 
of tons per foot run, aud there is a single load of 40 tons placed 
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ftt the centre of the span of 30 feet. Calculate the reactions on the 
three supports and draw the bending moment diagram. 

( City and Guilds 1920, ) 

[Ana. Ba=23'30, Rb~. 65’63, Rt=lV07 tons.J 
( 6 ) A uniform girder AD, 120 feet long, is continuous over 
three supports A, B and C. Figure 342, The span AB«40 feet and 



BC = 60 feet, and the end D overhangs the support C by 20 feet. It 
is loaded with an isolated load of 40 tons at the middle of the span AB. 
carries a uniform load of 1*2 tons per foot on span BG and an isolated 
load of 30 tons at the end D. 

Calculate: — (a) the bending moment at each support; 

(6) reaction at each support; 

and sketch the bending moment and shearing force diagrams. 
Mark on your diagram all points of contraflexture and of maximum 
bending moments, showing clearly how you fix the different points. 

( B. Sc. Eng: Vart II, 1932. Prop: of Materials. ) 

[Ans. (aj Mb= 2G4 tons feet, Mc^ 600 tons feet. 

(h) R^ = 13'4, Rb- 51, and Rc=^lV6 tons. J 

CHAPTER XIV. 

( 1 ' Define an “Influence Line”. 

A girder is 120 feet long simply supported at the ends, draw the 
‘bending moment influence line’ for a point 40 feet from the left 
support. Use your ‘influence line' to determine the maximum ‘bending 
moment’ prodnced by a uniform moving load 30 feet long and of 
intensity 2 tons per foot rnn. ( B. So. Eng: Part I, 1924. ) 

[ Ans. See example 4 page 211. ] 

( 2 ) Pig. 343 shows the line diagram of a pin-jointed truss. 
Each member in the lower boom is 20 feet long, the triangles ABK and 
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GEF are eqailateral, and the member CD ia 20 feet long and ia 20 feet 
above AF. The traaa ia symmetrical about the vertical through H. 
Draw an influence line for each of the membera BG, GE, EH, when 
unit load travels from A to F. (B. Sc. Eng: Part 1, 1981. Theo, Struct.) 

[ Ana, See example 9 pagea 224 to 227 ] 

( 3 ) A Warren girder has 6 panels each 10 feet long and carries 
a rolling load, greater than the span, of 2 tons per foot run. 

Find the maximum forces in the membera of the second panel 
from the left end. 

Draw the influence lines for bending moment and shear. 

{ B. Sc. Eng: Part II, 1931, Theo. Struct, ) 

/ Ana, Bottom chord member 76'26 tons tension nearly and for 
two inclined members^ 31'2 tons. See example 6 page 214, ] 

4 ) For unit load draw the bending moment and shearing force 
influence lines for point 40 feet from the left end of a freely supported 
girder of 100 feet span. From these diagrams determine the maximum 
bending moment and shearing force at the given point when a uni- 
formly distributed load of 1 ton per foot run and 40 feet length moves 
slowly across the girder, ( B. Sc, Eng: Part I, 1932. Theo. Struct: ) 

/ Ans, Max: Bending moment at the given pointsz760 tons feet. 
Max: Shearing force =16 tons. J 

( 5 ) Draw the bending moment influence line for a point situated 
at 20 feet from the left hand end of a simply supported girder of 
60 feet length. A rolling load 12 feet long of 1 ton per foot run passes 
across this girder. From your influence line calculate the maximum 
bending moment produced at the given point. 

( B. Sc. Eng: Part I, 1928, Theo. of Struct. ) 

[ Ana, Max: Bending moment at the point"ml44'08 tone feet, J 

( 6 ) Define an “Influence line” 

Explain the use of 'influence line' for determining the maximum 
forces produced by the action of moving loads in the members of a 
Warren girder or any other type of framed girder. 

( B. Sc. Eng: Part II, 1923. Theo. of Struct: ) 

[ Ana. See examplea 6, 8 and 9, pagea 215 to 227, J 

( 7 ) What is an influence line ? 

Two loads of 2 and 4 tons respectively, at 4 feet apart, roll over 
a beam of 20' span. Find the magnitude of the greatest moment and 
state on which cross section it occurs. Find also the maximum moment 
at the centre of the beam, (B. Sc. Eng; Part I, 1930. Theo. of Struct.) 
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[ Ans* Greatest bending moment ss26 *08 tons feet and occur# at 
10*76' from the support. Max: bending moment at the centre9t26 
tons feet. ] 

( 8 ) The heights of the apices A, B and C of the isosceles 
triangles in the line diagram of the pin-jointed girder shown in fig. 344 
are respectively 12, 20 and 24 feet above XX. This girder is simply 
supported at the ends^ and the six bays are each of equal length. 

Draw the scale diagrams of the influence lines for the forces in 
the three members cut by the section YY, when a unit ton load moves 
slowly across the track which is supported from the pin-joints in the 
lower boom. ( B, So. Eng: Fait II, 1932. Theo. of Struct. ) 

/ Ans* See example 9 page 224 ] 

CHAPTER XV. 

( 1 ) The profile of the cam shown in fig. 345 is made up of 
circular arcs and tangential straight lines. The cam acts on a roller at 
the end of a tappet moving in a vertical guide, as shown. Draw the 
tappet displacement diagram on a base line along which 9" represents 
360° rotation of the cam shaft. If there is a clearance of between 
the end of the tappet and the valve spindle, during what angular 
period of the cam is the valve open ? 

( 2 ) The inclined cam-plate A, mounted on a uniformly rotating 
shaft flg. 346 operates a reciprocating tappet B, as shown. The contact 



between ball and plate is to be considered as taking place at C, on the 
line of action of the tappet. Draw the displacement diagram for the 
tappet. Is this any common geometrical curve ? 

Take 6" as 360° for the base. 

( 3 ) The outline of a camlis an ellipse major axis 5^ and minor 
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arxis The cam rotates uniformly about an axis passing through one 
of the foci. Draw the displacement diagram for a vertical recipro- 
cating tappet; having a roller 2" dia., the line of action of which 
passes through the centre of rotation of the earn, Take 9" as 360® for 
the base. How would the diagram be modified for clearance between 
cam and roller at the lowest position of the latter ? 

( 4 ) Design a cam profile to raise and lower a tappet with 
uniform acceleration and retardation during both the lift and fall 
periods. The periods of lift, fall, and rest at bottom are 120®, 90® and 
150® respectively. 

The lift is 1 J ins, and the minimum diameter of the cam 4J ins. 
The centre line of the tappet^s path passes through the centre of 
rotation of the cam. The tappet is fitted with a roller 2 ins. diameter. 

Draw a tappet displacement diagram (»n a base 6 ins. long 
representing the angles of rotation of the cam. 

( 5 ) Design a cam to give the following motion to a tappet, fitted 
with a 3" diameter roller; the line of action of the tappet passes through 
the cam centre: lift of 1" during 80'* rotation, remain at this position 
during next 80°; and a further lift of 1^" during next 80°; roller then to 
fall through 2^" back to its original position during the remaining 
120°. The cam profile is to be made up of circular arcs and tangential 
straight lines, least radius of cam being Determine the complete 
displacement diagram. Scale ^ size. 

( 6 ) The outline of a cam which rotates round an axis passing 
through the point 0, is shown in fig. 347. The cam operates a 
reciprocating tappet having a flat face perpendicular to its axis, and 



the line of action produced passes through C. Draw the curve of 
tappet displacement, finding lifts for each 15® rotation of cam, and 
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taking |'^ss;30^ for the base] line. What is the minimum length of 
tappet face on each side of the axis ? 

( Dimensions X in sketch. ) 

( 7 ) The fig. 348 shows the exhaust valve gear for a small petrol 
motor. Draw the tappet displacement diagram. 

Scale 3 times full size 

Let a distance of 4" represent 120® rotation of cam shaft. 

( 8 ) A cam fig. 349 the profile of which is circular, operates a 
reciprocating tappet through the medium of a bell crank. Draw a 
diagram showing the motion of the tappet on a base line along which 
6" lepresents 360® rotation of the cam, 

( 9 ) Determine the profile of a cam, made up of circular arcs and 
tangent straight lines fig. 350 to operate a reciprocating tappet having 
a 1|" diameter roller, and whose line of action passes 1" from the centre 
of rotation of the cam. The tappet is to be raised 1^" during a cam 
rotation of 60"; to remain at rest at top of stroke for next 30°; and to 
be lowered during next 60° rotation. Least radius of cam=32i", Also, 
draw the complete displacement diagram, taking to represent 10*" 
cam rotation on the base line. 

( 10 ) A cam is required to give a vertical motion of 6" to a 
slider, the centre line of which passes through the axis of the cam 
shaft. The slider is to rise with uniform velocity and then descend 
uniformly, but at half the speed of the ascent; the ascent and the 
descent occuring during a revolution of the cam. The diameter of the 
camshaft is B*nd the least distance from the camshaft centre to the 
bottom of the slider is 4^". Set out the profile of the cam. 

CHAPTER XVI. 

{ I ) A triangular roof-frame ABO has a horizontal span AC of 
40 feet, and the angle at the apex B is 120°, AB and BC being of equal 
length. The roof is hinged at A and simply supported on rollers at 0. 
The loads on it are as follows: ( 1 ) A force of 4,000 lbs. midway along 
and perpendicular to AB ; (2) a vertical load of 1,500 lbs. at B; 
and ( 3 ) a vertical load of l,4u0 lbs. midway between B and 0, Find 
the reactions or supporting forces on the roof at A and 0. 

( I. Sc. Eng: Part I, 1929. Math: Paper II. ) 

f Ans. At A-SyOO and at B^SOOO lbs. J 

( 2 ) The depth of water in a dock is 30 feet. Find (a) the 
pressure on the dockwall in tons per foot of its length; (6) the position 
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of the centre of pressure ; (c) the overturning moment about the bottom 
of the wall in tons-feet per foot lengthy due to the water pressure. 
Water weighs 62*4 Tbs. per cubic foot. 

( I. Sc. Eng: Part I, 1929, Math: Paper II, ) 

I Ans, (a)12*53 tons, (h) at 20'. (c) 125*3 tons feet.] 

( 3 ) Two rafters each 30 feet long span a space of 52 feet. They 
are subject to an uniform load of 8 cwt, per horizontal foot. The three 
joints are pin joints. Find the greatest ^bending moment^, 'shearing 
force^ and ‘direct thrust^ on the rafters. ( B, Sc, Eng: Part I, 1924 ) 

[ Ans. See example 4 page 256, ] 

( 4 ) A masonry boundary wall 18 ins. in thickness has a height 
above the ground level of 14 feet. If the masonry weighs 140 lbs. per 
cubic foot, calculate what uniformly distributed load acting on the wall 
face would just nullify the compression in the toe of the wall at the 
ground level. Why is tension objectionable for brick and masonry 
work ? ( City and Guilds 1915, ) 

[ Ans, A uniformly distributed wind load of 8 lbs, per Q'.y 

( 5 ) A beam of rectangular cross section, 7 inches wide by 8 inches 
deep, was made of concrete reinforced with two tension rods | inch 
diameter, 1 inch from the lower face. It was tested on a span of 11 feet, 
and a central load of 2,500 lbs, was applied. Determine the maximum 
stress in the concrete and steel, ( City and Guilds, 1926, ) 

[ Asn. 1129 lbs. and 21295-72 lbs, ] 

( 6 ) State the principle of virtual work, A square framework, 



formed of uniform heavy rods of equal weights W jointed together, is 
hung up by one corner. A weight W is suspended from each of the 
41 
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three lower corners and the shape of the square is preserved by a light 
rod along the horizontal diagonal. Prove that its compression is 4 W. 

( I. Sc Eng: Part II^ 1930. Math* ) 

[ Hini\—^Each of the lower corners will have 2 W acting down* 
wards and the suspended corner will have 6 W acting upwards. 
Draw triangle of forces for each corner. ] 

( 7 ) The structure shown in fig. 351 is acted on by a force of 10 
tons. The reaction Rj is vertical. Find the reaction R 2 in magnitude 
and direction. Draw the force diagram and state the forces in 
each member. 

[ Ans. tons at 122^ acting doivn. Outline members 

+ — 2*6, — 2’0, — 3, + 8 tons. HorL members at the centre 10* 8^ 

+ 2*8 tons, Web members + 13' 5^ — 13' 6 tons. ] 

( 8 ) The frame shown in fig. 352 is hinged at Ri and is anchored 
by the tie, PG, at R 2 . The loads carried are as indicated. BO is 
vertical and the top members are horizontal. 

Find the reaction at Ri and R 2 . Draw the stress diagram, and 
determine the stresses in AB, CH and EP, indicating whether tensile 
or compressive. 

[ Ans. iii=s5'8, R^^V2 tons. AB^ +3, CH=^**-4'2 and EFss + 
2*5 tons, ] 

( 9 ) A railway bridge. 80' span, with two lines of way, is 
supported by two main girders of I section. The girders are 7' feet 
deep between centres of booms. If the dead weight of the structure 
between the abutments is 200 tons and the weight of each train of 
carriages l^ tons per foot, what must be the eifective area of the boom 
at the centre of the span ? The mean stress permissible in each flange 
is 7 tons per square inch. The resistance of the web to bending may 
be neglected, ( L Sc. Eng: Part I, 1930. ) 

[ Ans. Area of each boom at the centre^32''65 or 33 ] 

( 10 ) Define the ‘^modulus of a section’'. 

The cross section of an I beam, which is symmetrical about its 
neutral axis and has an overall depth of 12 inches, has a moment of 
inertia of 320 inch^ units about its neutral axis. Find the maximum 
intensity of stress due to bending when the bending moment at the 
section is 25 tons feet. ( Diploma Eng; 1931. ) 

[ Ans, 5*625 tons, ] 
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( 11 ) The composite section of figure 353 consists of two steel 
joistSi each 15" by 6"., thickness of web 0*5" , flange 0*88" thick^ and 
centre lines of webs are 8" apart. Each plate is 16" by Calculate 
the moment of inertia about the central axis TY» 

A column of this section is 30^ high and has fixed ends, calculate 
the safe central load. ( B. Sc. Eng: Part I, 1931 Tlieo. Struct:) 

[ Ana 1^1935, safe central load^4l4 tons, } 

( 12 ) The rectangular cross section of a reinforced concrete beam 
is 8" wide and 16" deep. The tensile reinforcement consists of four 
I" diameter steel rods^ their centres being 2^' from the bottom of the 
beam. Take msal5 and c = 600 lbs per square inch. Determine the 
depth of the neutral axis and the moment of resistance of the section. 

( B, Sc. Eng: Part I; 1931. Theo« Struct. ) 

[ Ans, N. A^6'8", M^192564'U. ] 

(13) Show that the external effect of a couple on the body 
remains unaltered if (a) it be translated to any other position in its 
own plane, the arm remaining parallel to the original position, and if 
(5) it be rotated through an angle in its own plane. 

Along the sides AB, EF, FG, BC, DC aud H6 of a regular 
octagon ABODEFGH are acting forces of magnitudes 15, 15, 7, 7, 4 
and 4 lbs. weights respectively. Find the magnitude and direction of 
the force P which should be applied along the remaining sides, which 
keep the whole body in equilibrium. 

( I. Sc Eng: Part \ 1931. Math. ) 

[ Ans. Pssl8 lbs. anticlockwise. ] 

( 14 ) If any number of forces in one plane acting on a rigid 
body have a resultant, the algebraic sum of their moments about any 
point in their plane is equal to the moment of their resultant. 

ABCD is a rectangle of which the adjacent sides AB and BO 
are equal to 3 and 4 feet respectively: along AB, BC and CD forces of 
30, 40 and 50 lbs. weights act; find the resultant. 

( I. Sc. Eng: Part I, 1931, Math. ) 

[ Ans. 45 lbs, nearly. ] 

( 15 ) Sketch free hand, a regular hexagon. Join every angle to 
the centre. You are to suppose it represents a frame in equilibrium 
under two equal and opposite forces applied at opposite angles, and are 
to consider two cases : — 
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(a) In which there is a pin joint at the centre. 

(&) In which there are only three rods crossing at centre but 
not attached to each other. 

And say whether they are difBoient, sufficient, or redundant. 

A stress diagram must be drawn if possible. 

( B Sc. Eng: Part II, 1923, Struct: Design. ) 

[ Ann. (a) Redundant, (b) Sufficient, Stress diagram is^ a 
straight line^ given force. ] 

( 16 ) A masonry dam has a vertical face and is 32 feet high, the 
water level is 2 feet below the top of the dam, The dam is 3 feet wide 
at the top and 15 feet 6 inches at the base. Does the resultant thrust 
pass through the middle half ? Why is the middle half used by some 
designers ? ( B. »Sc. Eng: Part II, 1923. Theo. of Struct. ) 

[ Ans, No, it passes beyond the middle third, ] 

(17) A rolled steel joist 12" deep has flanges 6" wide by 0*7 
inch thick and the web is 0’4 inch thick. The section of the joist is 
subjected to a shearing force of 20 tons, Draw to scale a diagram 
showing the distribution of shear stress in the section and determine 
the value of the maximum shear stress. What is the ratio of this 
maximum shear stress to the mean stress calculated on the assumption 
that the web takes the whole of the shear ? ( City and Guilds 1920. ) 

[ Ans, See example IS page 276, ] 

( 18 ) The figure 353 A shows the section of a masonry dam built 
on a rock foundation. Draw the lines of pressure when the dam is 
( 1 ) empty ( 2 ) full of water. For each case show also the distribution 
of pressure on the base, 

[ Ans, See example 14 page 269. ] 

CHAPTER XVII. 

( 1 ) Draw the velocity and acceleration diagrams for a steam 
engine mechanism when the crank is from the inner dead centre. 
Length of crank 1 foot; connecting rod 3 feet ; speed of crank pin 
10 feet per sec. State the velocity and acceleration of the piston, 

( I. Sc, Eng: Part II, 1931, App. Mech: ) 

[ Ans, Vel: 6' 5 feet per sec, AccU 92 feet per sec^. ] 

( 2 ) Draw the velocity and acceleration diagrams for the mech- 
anism shown in fig, 354 which has two slides at 0 and E, and find from 
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the diagrams the velocities and accelerations of the sliders O 
and E^ when the crank AB rotates at 60 revolutions per minute* 
AB = 12*. BC«48", BD = 33" and DE = 30*. 

[Arts. Vtl : 17 and 10*8 {ett per sec. Accl : 33 and 42 feet sec.*] 



(3) The crank AB fig 355 revolves uniformly with an angular 
velocity of 12 radians per second about the centre A* The end B 
is pivoted to a block which slides along CD, and CD revolves about 
the centre C and the point E slides along AE. Draw the velocity 
and acceleration diagrams for the mechanism when AB is 45^ to 
AC. Determine the velocities and accelerations of B and £. AB^9* 
CD « DE « 36" and AC = 24". 

[Hint : — The sliding velocity of B along the line BC is parallel 
to BC and its relative vel : to C is perp : to BC. Similarly for 
accln, Accln. of B rel : to C is towards BC, should ht 

parallel to BC. 

(4) BC fig. 356 rotates uniformly about B. the volocity of C 
being 4 feet per second. C slides along the link AD, which is 
pivoted at A. and E reciprocates on the line AE. If BC-»6", AB— 4", 
AD— 12" and DE— 24"t draw the velocity and acceleration diagrams 
and determine the velocities and accelerations of the points C and 
E, when BAC is 135 degrees, 

[Ans. Vel. 3*5 and 4' 8 feet per sec. Accl 62'5 and 220 7 feet see*] 

(5) The diagram shown in figure 357 shows a radial valve gear. 
The crank CP turns uniformly at 12 radians per second, and is 
pinned at P to the rod PR, the point Q in this rod being guided in 
the circular path SS. centre T. For the position of the mechanism 
shown in the diagram, determine and measure the velocities and 
accelerations of the points R and V. 



SXSHCISES. 




CP - 4*. PQ - 12’. PR « 14 3«. RV - IC S* and QT « 18 2». 

[A/15. Vtl. R’^267 fett pee sec. V=»’6 foot par »ec. Accl. 
/?=32‘9. V^H‘4 feet secM 



(6) Find the velocity of the slider £ in the mechanism shown 
in fig. 868 when the crank rotates at 1 revolution per sec. AB=» 13|* 
long, DE = 9" long. 

(.Ans. '78 foot per sec.] 

[Hint : — After getting the vel. of the 6* portion of the lever, 
consider the point D to be an image of D in the lever BD ] 



UNIVERSITY QUESTIONS ON PRACTICAL GEOMETRY. 

INTERMEOIATB EXAMINATION IN SCIENCE 

Engineeking Part II. 

EACH PAPER IS OE 4 HOURS DURATION 

1921. 

( 1 ) A bridge consisting of a pair of girders of 40 feet span 
carries a locomotive, the loading and spacing of the wheels on each 
girder being as shown in figure 359. Draw to scale the shearing force 
and bending moment diagrams for the loading when the locomotive 
is in the position shown. 

( 2 ) Find the stresses in the members of the roof frame shown 
in the fig. 360, and mark the stress beside each member, 4* representing 
tension, and — compression. The dead load is 100 lbs, and the normal 
wind pressure 150 lbs per foot run of slope. The wind is on the right 
slope and the left reaction is vertical. 

/Ans. AB^^7550, BG^^6550, 00^^6550, DE^^7750, 
EFss -^6950 and FG=^ --8900, Bottom chord memhers +5400, +il00 
and +9150, Web memhers —900, -^900, +2550, +5200, ^2200 and 
^2500 lbs. ] 



( 3 ) The top of a tall circular brick chimney has an internal 
diameter of 15 feet and a thickness of 1 foot 6 inches; at 100 feet 
below the top its internal diameter is 17 feet and its thickness 2 feet 
8 inches. Find the amount and position of the resultant pressure at 
this plane assuming that wind pressure is ooncintratod 50 feet below 
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the top and is equivalent to 30 Ihs. per square foot of projected area 
and that brickwork weighs 120 Bbs. per cubic foot State whether 
there is any tension on the joints of the brickwork and expresss your 
opinion as to the sufficiency of the design. 

[ An$. See example 14 page 269* ] 

( 4 ) A frame secured to a vertical wall has dimensions as shown 
in the figure 361. The bars AD, AP, AH and AL are each 5 feet in 
length. Find the forces in all the parts produced by the load of 1 ton. 

[Ans. Al)=^^2'45, AF^r45, AH= ^r98, AL^O, BL^+1, 
BQ= + r55, BE^^-2'65, BG^+2'65, CD-^+4, UE^O. 
AJjPsrO, FG= + ’25, <?//= — ‘5, IfAss + ‘6*, KL^~^2V5and reactions 
BM^-\-2'4 and MA=^—2' 2 tons ] 

Note: — The sign + represents compression and — tension. 

( 5 ) The tie and jib of a ciano are inclined at 60° and 45° 
respectively to the vertical post, and the direction of the chain is such 
that it bisects the angle between them. If the tension in the chain is, 
by moans of tackle, made half the weight carried, find the forces in 
the tie and jib when the load cairied is 10 tons, See fig. 362. 

[ Ans. Tie^ --24' 5 and jib +36 tons ] 

( 6 ) The legs of a pair of sheer legs are 60 feet long and spaced 
20 feet apart at the base ; the backstay is 80 feet long. A load of 
20 tons is suspended 15 feet in front of the hinges at the base of the 
legs; find the stresses in the legs and in the backstay. 

[ Ans. Legs + 14' 5 and in the backstay --‘11 tons. / 

1922. 

( I ) The crank of an engine has a radius of 18 inches, the 
connecting rod is 6 feet long and the number of revolutions made by 
the engine is 80 per minute. Find graphically the velocity of the piston 
in feet per second when the crank has passed through an angle of SO"" 
from the dead centre during the forward stroke. 

[ Ans. 7‘7 feet per sec, ] 

( 2 ) What is a cam ? For what purposes in mechanism are cams 
generally used ? Sketch and describe the construction and actual form 
of a cam in use in any machine with which you are acquainted. Draw 
the outline of a cam which would give a slow forward and quick 
return motion to a reciprocating piece, with an interval of rest between 
the two motions. 
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( 3 ) Draw the stress diagram of the crane shown in the figure 868 
and distiognish between ties and stmts. A is a footstep bearing and 
the reaction at B may be assumed horizontfkl, 

[ Ang. See example JO page 85, ] 

( 4 ) Draw a diagram of stresses for the roof frame shown in the 
figure 864 when carrying a vertical load of 2, 000 lbs. at each of the 
joints B, C, D, and E and 1,000 lbs. at A and F, and a uniformly 
distributed normal wind pressnre on the left side 6,000 lbs. assuming all 
the joints to be flexile. Show for each bar whether the stress is 
push or pull. 



( 5 ) The figure 365 represents the frame of a bicycle the load on 
the seat is 500 lbs. Find the amount and nature of the stresses on all 
the members of the frame and also the bending moment on the fork at A. 

[ Ane. In the triangular frame 2 feet members +125, +430, and 
1-8" member =—180 lbs. Top horl: member +126 and inclined 
member —120lbe.6 inches tube=+60 and the forked end =+60 lbs. 
Bending moment at A=7r04 lbs. feet. Bottom end of the &' member 
is the point A. j 

( 6 ) A girder 100 feet long is supported at each end and in the 
middle and carries a uniform load of 2 tons per foot run. Draw the 
bending moment and shearing force diagrams and find the pressnre on 
each support. 

[ Ane. See example 1 page 193. ] 

1923. 

( 1 ) A vertical reciprocating piece moves in guides under the 
action of a cam attached to a shaft which rotates nniformly, the 
centre of the cam lies in the line of motion of the reciprocating piece, 

42 
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Suppose a friction roller used of diameter equal to | th stroke and 
suppose also that the least radius of the cam ^ th stroke. Trace the 
form of the cam that] the piece may slide uniformly and make one 
complete movement in each revolution, 

[ Ans^ See example 9 page 241, J 

( 2 ) The indicator diagrams from a simple steam engine taken 
with 2^-3 spring are shown below in fig. 366. The length of the stroke is 
12". Draw the polar curve of crank effort for one complete revolution 
of the engine. 

( 3 ) A girder 70 feet long carries a uniform load of 2 tons per 
lineal foot from one end to the middle and two loads of 2^0 tons at 20 feet 
from each end. Draw the bending moment and shearing force diagrams, 

( 4 ) A load of 7 tons is suspended from a tripod, the legs of 
which are of equal length and inclined at 60° to the horizontal. Find 
the thrust on each leg. If an additional horizontal force of t5 tons be 
applied at the summit of the tripod in such a way as to produce the 
greatest possible thrust on one leg, find that thrust and determine the 
stress in the other two legs, 

[ An$. See example 4 page 76 for the first part of the question 
For the combined load +9*5 tons^ — *7 and —’7 ton. ] 

( 5 ) A bridge is constructed of a pair of Warren girders with 
the platform resting on the lower booms, each of which is in 6 divisions. 
The bridge is loaded with 20 tons in the middle. Find graphically the 
stresses on each part, 

[ Ans, Diagonal members 5*75 tons. Top chord members 5* 7 5^ 
IV 5 and 17*25 tons. Bottom chord members 2*9, 8*5, and 14*5 tons. 
The other half is the same, ] 

( 6 ) A spui* wheel and pinion have 48 and 11 teeth respectively 
and I J inch pitch. The generating circles are 3" and 2jV' respectively. 
Plot out full size the shape of one of the teeth both of the pinion and 
spur wheel. 

1924. 

( 1 ) In a steam engine the cut>off takes place at *7 of the stroke, 
the angle of lead is 6° 9', the width of the steam ports is inches and 
the steam port opens \\ of its area. Find by using a Zeuuers or 
Beubaux diagram the travel of the slide, the angle of advance, the 
outside lap and the outside lead. Assume connecting rod equal to 
4 cranks in length. 
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( 2 ) 'Two shafts intersecting at right angles are connected by 
bevel wheels with 22 and 44 teeth respectively, of I inch pitch. Draw 
to a scale of J the pitch surfaces of the wheels, and find the develop- 
ment of the conical surfaces on which the shape of the ends of the 
teeth are set out. 

( 3 ) The piston of a reciprocating engine has a stroke of 15 inches 
and a connecting rod 40 inches long from centre to centre. Find the 
velocity of the piston at one third of its stroke when the engine is 
making 240 revolutions per minute. 

( 4 ) The truss shown in the figure 367 has principals 10 feet 
apart ; the struts bkect the rafters at right angles ; the middle tie is 
cambered feet and carries shafting at the centre of weight 400 lbs, 
Assuming dead load to be 12 Bbs, per square foot of ground area, draw 
the stress diagram. 

/ Ans, See part 1 chapter on roof trusses Jig, 102 ] 

( 5 ) A pit crane is as sketched, a being a footstep bearing and* 
the reaction at b assumed horizontal. Find graphically the forces in 
the different members when a load of 10 tons is suspended from the 
extremity of the jib, and distinguish between ties and struts, 

[ Ans* See example lO page 85. ] 

( 6 ) A girder 100 feet long is supported at each end and in the 
middle and carries a uniform load of 2 tons por foot run. Draw the 
bending moment and shearing force diagrams, and find the pressure 
on each support. State clearly any assumptions you make and don’t 
forget to give the SCALE you use. 

[ Ans. See example 1 page 193. ] 

1925. 

( 1 ) A cone, base 4|" diameter and height 4" stands on the 
horizontal plane. The cone is pierced by an elliptical hole, major axie 
1,8", minor axis 1.3". The major axis of the hole is inclined 30° to the 
V. P. and the axis of the hole is 1.2" distant from the axis of the cone. 
Draw the plan and elevation of the solid. 

( 2 ) A pinion wheel is in gear with a rack, the number of teeth 
in the wheel is 20 and the pitch of teeth 2". The height of the teeth 
above the pitch line is 0 6", and the depth of the teeth below the pitch 
line is 0.8". The wheel teeth have involnte faces and radial flanks, the 
rack teeth have cycloidal faces and straight flanks. 
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Draw the rack and pinion in gear showing three teeth in each, 
and state briefly why the given curves are suitable. 

( 3 ) The piston of a reciprocating engine has a stroke of 13'^ and 
the length of connecting rod centre to centre is 32". The engine makes 
200 revolutions per minute. Construct polar curves of piston velocity, 
and show the mean piston velocity. 

( 4 ) A load of 5 tons is suspended from sheer legs. The lengths 
of the legs PA, PB and PC being 40' 0", 32' 6" and 37' 6", while the 
lengths AB, BO and OA measured along the ground are 37' 6", 25' 0" 
and 60' 0". Determine the height of the apex P above the ground and 
the force acting along each leg. 

[ Ana. See example 3 paffe 74 J 



( 5 ) A vertical spindle is supplied with a plane horizontal face 
at its lower end. The face is actuated by a cam keyed to a shaft, 
the axis of which is in the line of stroke. Design the cam to raise and 
lower the plate under the following conditions: — 

The valve to be raised through the first half of its stroke with uni- 
form acceleration and through the second haU with uniform retardation. 
Simple harmonic motion is given on the return stroke. The least 
radius of the cam is 2", and the travel of the spindle is 1^". The 
spindle is raised in 2/5^ lowered in and remains at rest during the 
remainder of a complete revolution of the cam shaft. 

/ Ana. See example 10 page 242 ] 

( 6 ) Draw the stress diagram for the unsymmetrically-loaded 
truss shown in the figure 368. State clearly whet her a member is ia 
tension or compression. 

[ Ana. See Jig. lOl part 1. J 
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1926. 

( 1 ) Fig. 869 shows the plan of the flanged end of a I|" dia. rod, 
the minimum thickness of the flange being I", The rod is joined to the 
flange with a turned radius of 1". Draw an elevation of the flat side 
of the flange. 

( 2 ) The diagram Fig 370 shows the plan of a pentagonal 
pyramid of 3" height, whose base lies on the H. P., and also the 
elevation of an equilateral triangular prism of indefinite length lying 
perpendicular to the V. P, Draw complete plan and elevation, showing 
the intersection of the prism with the pyramid. 

Find also the true shape of the face A of the pyramid showing 
the portion cut away by the prism. 

( 3 ) Two parallel cylinders whose elevations are as shown in 
fig. 371 (the axes being horizontal ) are connected togther by part of 
the tangent cone, the axis of the cone being at right-angles to the axes 
of the cylinders. Draw a plan of the composite solid, and develop 
the surface of the conical connection. 



( 4 ) Find the profile of a cam to raise a tappet, having a roller 
2" diameter, through 2" lift, the motion being S. H. M. Rise takes 
place in l|4th revolution, then rest for ]|l2th revolution, and fall during 
the next i|3rd revolution of the cam. 

Diameter of the cam shaft = 2", least thickness of metal— 1". 
The line of action of the tappet passes through the cam centre, and 
the cam rotates with uniform angular velocity, 

/ Ans. See example H page 243, J 

( 5 ) A Pratt Truss of 80 feet span and 12 feet high is divided into 
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eight equal panels and is loaded uniformly at 2,000 lbs. per foot run. 
Draw the stress diagram and show the members in compression. 

[ An». /See example 9 page 63 ] 

( 6 ) A 30 feet girder is hinged at B and simply supported at A. 
The loading is 'as shown in fig. 372. Draw the B. M. and S. F 
diagrams. 

[ Ane. See example 27 page 38.] 

1927. 

( 1 ) A beam is 25 feet long and carries a uniform load of P5 
tons per foot over 20 feet of its length from the right hand end, One 
of the reactions is at the left hand end of the beam and the other 
reaction is at a point 5 feet from the right hand end of the beam. 
Draw by the usnal graphical methods the diagrams of ^‘bending 
moment'^ and ‘‘shearing force” and state their scales 

( 2 ) Draw to a scale of one inch equals 10,000 pounds and one 
inch equals one cubic foot an ^‘indicator diagram^^ to the following data 
and find its area in foot-pounds:— 

Initial pressure ... ... ... 20,000 pounds 

Cut-off ... ••• ... at I of stroke. 

Back pressure ... ... ... 2000 pounds. 

Exhaust closes ... ... ... 0*8 of back stroke. 

Clearance ... ... ... 0*5 cubic feet. 

Piston displacement ... ... 3*0 ,, ,, 

( 3 ) The main rafters of a roof truss are each 30 feet long, and 
inclined to the horizontal at 30°. Each has at its centre and at right- 
angles to it a member 7 feet long. The other ends of these are 
connected to each other and to the outer ends of the rafters. The 
vertical loads on the upper joints are 5000; 10,000; 10,000; 10,000 
and 6000 pounds. At right-angles to the right rafter there are in 
addition at the three joints loads of 6,000; 12,000 and 6000 pounds. 
The left end of the truss is fixed and the right is “free”. Find and 
tabulate all the internal forces. 

( 4 ) An. ordinary eccentric sheave 6 inches in diameter and of 
1*5 inches throw is used as a cam. The line of action of the push rod 
passes through the centre of rotation of the cam. There is no roller on 
the push rod. Its end which presses against the cam is a straight bar 
at right-angles to the push rod and the motion of the push rod, Plot 
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carveti f6t one complete stroke, of displacement, velooify and accele- 
ration on a distance base. Two of tbem are straight lines. The cam 
makes 600 revolations per minute, 

1928. 

( 1 ) Two projections of a solid are shown in fig. 373. Show the 
development in a single piece, of one of the symmetrical halves of the 
sloping surface. Draw the plan of the mid-seotion S8, determine its 
area a and also Ui and aa the aieas of the ends of the solid. 

Measure the height and calculate the volume of the soild by any 
method with which you are acquainted. Give the answer in cubic inche.«i. 

[An8. a = 2-62 Q", ai=z4'84 a2^V32 'bolume^4^45 

cubic inches, ] 

( 2 ) Fig. 374 shows a circular cam AB fixed to a shaft whose axis 
is at 0 ; it rotates uniformly and gives a vertical motion to the tappet 
rod and roller D, 

Draw on a time base a full size diagram showing the displacement 
of the centre of the roller D from its lowest position for one revolution 
of the cam. Take a base line 6 inches long to represent the time of 
one revolution. 

/ Ans, See example 13 page 245 ] 

( 3 ) A gas engine has a stroke of 14 inches, a connecting rod 
4 feet long and runs at 250 revs, per minute. Find by vector diagrams 
the velocity and acceleration of a point on the connecting rod one foot 
from the crank pin^ when the crank has turned 60 degrees from the 
inner dead centre. 

( 4 ) Refer to fig. 375. Prick off this figure onto your drawing 



paper and find its area in square inches. Find also the position of its 
centre of area and maik the point clearly on your diagram. 
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The method of eolation must be shown. No marks will be given 
for guess work. 

[ Ans. Aream^\i0*4 7 

( 5 ) A cantilever is loaded and supported as shown in fig. ?76. 
Draw diagrams of shearing force and bending moment and measure 
the maximum values of these quantities. State the magnitude of the 
supporting forces at A and B. 

[ Ans. See example 18 page 24, ] 

( 6 ) In fig 377 the three given forces are balanced by two other 
forces^ one of which acta along YY and the other passes through X, 

Find the magnitude of the balancing forces and the angle 
between them. 

/ Ana. 2620^ 1080 lbs. and the angle 64^. ] 

1929. 

( 1 ) Pig. 378 shows the plan and part elevation of a dome, 
horizontal sections of which are regular octagons. 

(a) Complete the elevation. 

(5) Draw the development of one of the eight curved faces of 
the dome. 

(c) Find the number of square feet of sheet lead which would 
be required to just cover the surface of the dome, the scale 
of the diagram being I inch to 5 feet. 

[ Ana (cj^ 250 aquare feet, ] 

( 2 ) Fig. 379 shows the outline of a buttress which has a uniform 
thickness perpendicular to the plane of the paper. Find the position 
of the centre of gravity of the buttress. 



( 3 ) Pig 380 shows a portion of a sloping roof by its plan and 
elevation. 
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(a) Find the inolination of each of the two eloping earfacee to 
the horizontal. 

(h) Find the inolination of the hip joint AB to the horizontal. 

(e) Find the dihedral angle between the two eloping enrfacee. 
[Ana, (a) 4T, 47°, and 37°. (h) 32°. (c) 86° and 12^.] 

( 4 ) A portion of inch twist drill is shown in fig. 381 
consisting of a cylinder with a conical end cub with two helical grooves 
each of 12 inch pitch and of the foim shown in the given sectional 
elevation. 

Complete the plan showing the curve BB and the helical groovea 
correctly projected for a distance of d inches from the line AA. 

( 5 ) Fig. 382 shows two views of a pedestal step, SS representing 
a vertical section plane. Draw a sectional elevation of the step on the 
given X' Y', the portion P of the step in front of the section plane 
being supposed removed. 



( 6 ) In fig. 383, LL represents a horizontal beam and the diagram 
gives the moment of intertia I of any cross-section about the neutral 
axis. Ton are required to divide LL into eight parts such that the 
length of each part shall be approximately proportional to the mean 
moment of inertia of the part; this is, 2|I is to be the same for all the 
segments. Give the value of the common ratio, I and 1 being measured 
on the same scale. 

[ Ana. See example 5 page 257, ] 

( 7 ) In the mechanism in fig. 884, AB is 4 inches long, CD SJ 
inches, BD 16 inches and CE 20 inches long. AB rotates at 150 
revolutions per minute and the point D is guided to move in the straight 
line EK. Find the velocity of the point E when the mechanism is in 
the configuration shown in the figure. 

[ Ana, See example 6, pagea 288 and 289. ] 

43 
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( 8 ) A valve and spindle are actuated by means of a cam, tbe 

axis of which is in the line of stroke. The valve is raised through 

2 inches in l/6th of a revolution of the cam, lowered in the following 
l|6th and remains at rest during the remainder of the revolution. 

Least thickness of metal, I ^ inch. Diameter of roller, 2 inches. 

Design the cam so that the motion of the valve shall be simple 
harmonic. 

[ Ana, See example 14 page 240. ] 

1030. 

( 1 ) A vessel made of thin sheet metal has the form shown in 

fig. 385. The sloping surface can be divided into two triangles A, A' 

and two portions of truncated oblique circular cones B, B'. 

Draw a development of the piece of metal forming the curved 
surface, the joint being at SS. Omit all allo\\ancos for seams, etc, 

( 2 ) Two right circular cjliiiders shown in fig. 386, intersect at 
right angles. 

(а) Draw the elevation of the lino of interpenetration of the 
two cylinders. 

(б) Develop the surface of the portion of the horizontal 
cylinder. 

( 3 ) Pig. 387 shows the plan of a 60 degree setsquare resting on 
its short edge BO, 



(а) Find the height of the corner A and index its plan a, in inches. 

(б) Determine a vertical plane which makes 19 degrees with 
the edge AB and draw an elevation of the setsquare on 
this plane. 

a 

[ Arts, (a) ] 
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( 4 ) A cam rotating in the direction shown in fig. 388, has to 
move the centre of the tappet rcller from A to B and back again to A 
while it rotates through an angle of 110 degrees. The diagram shown 
by its ordinates the displacement of A along AB in ineheB while the 
absoisFae represent the corresponding angles turned through by the 
cam. Draw, full size, the outline of the cam, its minitnuru radius being 
inches and the roller diameter inches. 

[ Ans. See example 15 page 247^ ] 

( 5 ) The bar AB of the mechanism shown in fig. 389 rotates at 
10 revolutions per minute in the direction shown. When the mechanism 
is in the configuration indicated in the figure, find: — 

(a ) the angular velocity of CD. 

( 6 ) the angular acceleration of CD. 

[ Ans. See example 3 page 283 } 

{ 6 ) Fig. 390 shows a rectangular box with the lid open at right 
angles, dimensions parallel to OY and OZ being set off full size and 
parallel to OX half size. Draw an end elevation of the box with the 
lid open at 60 degrees to the horizmtal, that is, an elevation on a 
vertical plane parallel to ZOX. From the elevation project a plan. 

From the plan project a new elevation on a vertical plane which 
makes 45 degrees with the first vertical plane. 

( 7 ) The parabolic arched rib shown in fig, 391, is hinged at the 
crown and springings and carries a load of 2 tons at quarter span, 

Find the reactions at the hinges and draw the lino of thrust for the 
rib. What is the value of the maximum bending moment on the rib, ? 

[ Ans, = E2=1*35 tons. The line of thrust is the centre 

line of the arch. Max'. Bending momnii^ 10 5 tons feet, ] 

( 8 ) A beam has a square section of 3 inch side and is placed 
with its diagonals horizontal and vertical as shown in the fig 392. 
The ratio of the shearing stiess q at any place BB to the mean stress jo 
over the whole section is given by the formula 
q _ 24 K 

(CCj2 

where K is the moment of the shaded area ABB about CC, 

Draw a diagram showing the value of at all points from A 

to 0* Give the numerical value of ^ at O. 

yo 

[ An$. '99 at 0 J 
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A person on the top of a tower 60 feet high, which rises from a 
horizontal plane, observes the angles of depression of two objects A and 
B on the plane to be 20 degrees and 30 degrees, the directions of A and 
B from the tower being west and south respectively. Find ( a ) the 
distance of A and B from the foot of the tower, ( i ) the distance 
apart of A and B; ( c ) the direction of B from A. 

[Ans, (a) 166’ 6 feet, 104 feet, (h) 196 feet, (e) south East. / 

1931. 

( 1 ) A valve spindle is actuated by a bell-crank lever the arms 
of which are at right angles. The line of motion of the valve spindle 
is 3 inches from the centre of oscillation of the bell-crank lever, and 
the centre of the camshaft is in the posiboin given in Fig. 393. 

Design the cam to give the valve spindle simple harmonio motoin. 

Diameter of roller, 1 inch. 

[ Ans. See example 16 page 24S. J 



( 2 ) Find the travel of an ordinary D slide valve with outside 
steam admission when the lead is ^ inch, and the valve shuts off steam 
at 70 per cent of the outward stroke of the piston. The steam lap is I J 
inches. The length of the connecting rod is 5 cranks. Keglect the 
effect of the obliquity of the eccentric rod. 

( 3 ) The crank of the steam engine mechanism, shown in Fig. 394, 
rotates at 120 revolutions per minute, 

( a ) Find the acceleration of the piston when ft is 0, 45, 90, 135, 
and 180 degrees. 

( 5 ) Plot the acceleration to a base of corresponding piston 
displacement, and hence find the point on the stroke at which the piston 
acceleration is zero, and the corresponding value of ft. 
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( 4 ) A, B, and C are three points in a straight link vrhioh has a 
periodic plane motion and whose average position is vertical. 

ififi is 20 inches, AG is 6 inches, BC is 14 inches. The horizontal 
motion of A is simple harmonic, amplitude 4 inches, advance —60 
degrees. 

The horizontal motion of B is also simple harmonic, amplitude 3 
inches, advance 25 degrees. 

Find the horizontal motion of C and draw the harmonic image of 
the link. 

( 5 ) The magnitude the intercept x, and the angle 9 are given 
in the table below for the wind forces on the joints of a roof truss 
referred to a horizontal line through one end. 


F tons. 

X feet. 

9 degrees 

0*92 

0 

-45 

i*53 

20 

-60 

1*04 

31 

-70 

0*61 

41 

-78 


Find the resultant force 


The reactions at the supports balancing this force being o**9o 
joo«S, find r, s and 9. 

/Ana. xf9=23',4ton8,-118P, r=^2'75, 8=2' 1 tons, 9=— 151°.] 

( 6) A card is temporarily pinned to a board. Forces of 1*3 Ib. 
and 2*2 Ih. are applied to the card as shown in fig, 895, A clockwise 
couple of 11 lb inches is also applied. The linear scale of the diagram 
being find the line of action and the magnitude of the force which 
acting on the card will produce etjuilibrium, so that if the pins ara 
removed the card will remain at rest. 

[ Ans. 2*97 lbs. ] 

( 7 ) Determine and measure the forces in the members A, B, G, 
Z), E, and F of the given truss loaded as shown in the fig. 396. 

The scale of the figure being ^ inch to 1 foot, draw the diagram 
of bending moment for the horizontal beam, and measure the maximum 
bending moment, 

[ Ans. See example 17 page 274. ] 

( 8 ) Fig. 397 shows a full sized section of a rolled steel rail. 
Find the "moment of inertia” of the section about an axis parallel to 
BB and passing through the centre of gravity of the section, 

[ Anst 7’4 inch^ units, J 
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( 9 ) The two axles o£ a’trolley are 5 feet apart and the loads on 
the front and rear axles respectively are 3 tons and 2 tons, The trolley 
slowly crosses a girder of 25 feet span which is freely supported at the 
ends. Determine the maximum bending moment on the girder and the 
position of the trolley which produces it. Draw the bending moment 
diagram for this position of the trolley, 

[ Ans, Max: Bending moment = 26'63 tons feet and occurs at 
13' 5 feet from the support. J 


1932. 

( 1 ) A valve spindle fitted with a roller | inch diameter is 
actuated by a cam keyed to a shaft, the axis of which meets the line of 
stroke at right angle^i. The travel of the valve spindle is 2 inches and 
it is raised in \ revolution, kept fully raised for lowered in and 
remains at rest during the remainder of a complete revolution of the 
cam shaft. The least thickness of metal of the cam is | inch, and the 
diameter of the cam shaft, w’hich rotates uniformly, is 2 inches. 

Design the cam to raise and lower the valve spindle with simple 
harmonic motion. 

( 2 ) In the mechanism shown in fig. 398, AB is a crank which 
rotates uniformly at 10 raJiads per second Find for the given position^ 
the velocity and acceleration of the slider F, AB=l', BOssS’S, CD = 
1-5, DE= I'. AD = 3-5, EF=5 feet. 

[ Arts. Vd\ 4 5 feet per sec, and Accl: dVofeet scc^, ] 



( 3 ) Pg. 399 shows a full-sized section of a rollei steel bulb angle 
rail. Determine: — 
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(a) The ‘centre of gravity^ of the section. 

(&) The area of tbe section in square inches. 

(c) The weight of the rail in pounds per foot of its length. 

Note:— Tho weight of a cubic inch of rolled steel may be taken 
as 0-284 Ib. 

[ Ane. (a) From top 2*01'' and from aide (b) 2'G5 square 

inches, (t) 9'03 lbs, per foot. ] 

( 4 ) A beam ABCD^ whose length AD is 40 feet, is supported 
at the end A and at a point (7, which is 30 feet from A, The beam 
itself weighs 112 Ib. per lineal foot, and carries a load of one ton at the 
overhanging end D. Find the reaction at the support G, and the 
bonding moment at a point B midway between A and U. 

Draw the diagrams of shearing force and bending moment, 

\^Ans. Reaction at 0=22 tons. Bending moment bet: A and 
(7= — ’025 ton foot. ] 

( 5 ) A lattice girder of 40 feet span is of the form, and is loaded, 
as shown in fig. 400. Determine the forces on all the membeia of the 
girder, stating whether they are tensile or compressive. 

[ Ans Top chord from left +0‘0,4 4’G+'53 tons. Bottom 

chord ^5, -- 3*9f - 5‘3, —G'9 tons, « +3*i25, — *98, 0, — ’98, + 

4*3i'5 tons, ] 

( (5 ) A circular cone is shown in fig, 401, in an inclined position, 
by its elevation. 

(a) Draw the plan of the cone, 

(&) Develop the surface of the portion of the cone which lies 
below SS. 



( 7 ) Two view^s of a pedestal stop are given in fig. 402. SS 
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represents a vertical section plane. Draw a sectional elevation of the 
step on -X'P the portion P of the step in front of the section plane 
being supposed removed. 

( 8 ) Determine the plan and elevation of the line of inter- 
penetration of the pphere and pyramid shown in fig. 403. 

( 9 ) The segmental arched rib^ shown in fig. 404 is hinged at the 
crown and epringings and is subjected to an inclined loading of 2 tons 
at quarter span. 

Find the reactions at the hinges and draw the line of thrust for 
the rib. 

Show where the bending moment on the rib is a maximum and 
give the value in tons feet. 

[ Ana^ fieactions 2*22, 7*55 tons* Max: Bending moment^ 12*65 
ions feet and is at the point tchere the load acta* The centre line of 
the rib is the line of thrust* ] 

Hint\ — Bending moment at any point in the rib is to be 
calculated (1) by taking the ordinate fiom the point parallel to the 
given load in linear scale and multiplying by pole distance in load 
scale* (2) By radial ordinate as shown in fig, 194, (3) By the 

curve of equilibrium as explained in the same fig, 194 pages 139-140^ ] 

( 10 ) Find the travel and steam lap of a £) slide valve admitting 
steam to the ports by its outside edges, when steam is cut off at 65 
per cent, of the in stroke of the piston. The connecting rod is four 
times the length of the crank j maximum openning of the port to steam 
in one inch and the lead is \ inch. 

Keeping the sajno travel, lap, and lead, find also the percentage 
of the outstroke of the piston at which the steam is cut off, 
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1. Two cranks attached to a common shaft are shown in 
Fig. 405. OP is the main crank of a single cylinder steam engine 
and OV is a crank'operating an ordinary slide valve which cuts 
off steam at | stroke of the piston. The obliquity of any rod con- 
nected to OP or OV is to be neglected. 

Draw on a piston-displacement-base, 4 inches long, a diagram 
showing the opening of the porn to steam for one stroke of the 
piston. State the amount in inches of the steam lap of the valve, 

2. Fig. 406 shows the displacement-time diagram for the table 
of a planing machine with a quick return motion. Determine the 
speeds for all positions during the cutting and return strokes, and 
plot the values you obtain in the form of a curve showing the 
speed for any position of the table. 

P 



3. A rocking lever drives a crank as shown in Fig. 407. If the 
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vertical force F is 1,000 pounds, find the crank effort and the 
turning moment on the crank in the given position. Find also the 
ratio of the velocity of the point P to the velocity of the 
crank pin. 

4. A card is temporarily pinned to a board. Forces are applied 
to the card as shown in Fig. 408. Find the line of action and tlie 
magnitude of the force which acting on the card will produce 
equilibrium, so that if the pins are removed the card will remain 
at rest. 

5. Draw the force diagram or 'reciprocal figure' for the braced 
cantilever shown in Fig. 409. Measure the forces in the two bars 
CD and CE ; give the answer in tons, distinguishing tension from 
compression. 

6. Draw diagrams of shearing force and bending moment for 
the cantilever loaded and supported as shown in Fig. 410. Measure 
the maximum values of the shearing force and bending moment. 
Also state the magnitude of the supporting forces at A and B. 

7. Find the ‘.centre of gravity ’ of the section shown in 
Fig. 411. Determine tlie ‘ moment of inertia ' of the section 
about an axis through the centre of gravity and at right angles to 
the axis of symmetry. 

8. A reinforced concrete beam is of rectangular section, width 
IZ inches, depth from upper surface to line of reinforcement, 
which consists of steel bars, is ZZ inches. If the modulus of elasti- 
city of steel is 10 times that of concrete and the ratio of maximum 
stress in steel and concrete is 24, find the distance of the neutral 
surface from the upper face of the beam. 

Also find the total area of section of the steel bars and state the 
answer in square inches. 

9. Two rolling loads of 4 tons and 6 tons respectively. 10 feec 
apart, traverse a girder uf 60 feet span. Draw diagrams showing 
the maximum shearing force and maximum bending moment for 
ail points in the span during the complete passage of the loads 
across the girder. State the scales employed. 

10. Draw, full size, the profile of a cycloidal tooth for a spur 
wheel, given the following particulars : width of tooth on pitch 
line, 1 inch ; depth below pitch line, 4/7 inch ; depth ( or height ) 
above pitch line, 3/7 inch ; diameter of pitch circle, 18 inches ; 
diameter of rolling circle, 6 inches. 
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1. A cam is required to rotate uniformly and give the follo- 
wing motion to a vertical spindle : — 

A rise of 1| inches at a uniform rate during the first third of a 
revolution of the cam. a period of rest during ^th revolution of the 
cam, then a sudden drop to its original position. The diameter of 
the shaft is 1 inch, the least thickness of metal round the shaft is 
i inch, and the diameter of the roller is J inch. Design the cam 
full size. 

Does the cam really give the motion desired ? If not. indicate the 
portion of the cam which fails to give exactly the motion desired. 



2. The crank AB of the mechanism shown in Fig. 412. rotates 
uniformly about the fixed centre A, The triangular connecting 
rod is maintained in po.sition by means of a suspension link CD 
which osclllate-i about D. 
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The linear speed of the crank pin B is 10 feet per second. Find 
for the given position — 

(1) the velocity of F. 

(2) the velocity of G. 

3. A lever and balance weight, centre of mass G. oscilla.es 
about an axis C. (Pig. 413.) Tlie mass of the weight and lever 
is 100 lb. and its radius of gyration about G is 6 inches. When, 
in the configuration shown in Fig. 413. the force acting at G is 1,000 
lb. in the direction indicated, and the angular acceleration of the 
weight and lever is 416 radians per second per second, clockwise — 

(а) calculate the magnitude of the inertia couple ; 

(б) combine the force and couple into a single force and indU 

cate the force in the configuration diagram* 

Adopt a linear scale of 1 inch to 0*5 foot. 

4. A steam engine mechanism is shown in outline in Pig. 414. 
(a). After making allowance for the mass acceleration of the moving 
parts, the force usefully transmitted to the crosshead is shown for 
one revolution of the crank in Fig. 414. (fc) vertical ordinates repre- 
senting force on crosshead in pounds, horizontal ordinates repre- 
senting stroke of piston in feet. 

Draw a curve on a base of crank angles, showing the turning 
moment on the crank for one revolution. 

Adopt tlie following scales : — 

for turning moment, 1 inch to 7,000 lb. x 1} ft , 
that is, 1 inch to 8.750 lb. ft. 
for crank angle. 1 inch to 60 degrees. 

Measure the maximum turning moment on the crank shaft in 
lb. ft., and state at what position of the crank it occurs. 

5. A framed pier has the form and is loaded and supported as 
shown in Fig. 415. 

Determine the supporting forces at A and B, that at A being 
vertical. 

Draw to a scale of 1 inch to 2 tons the force diagram for the 
pier, and state the nature and magnitude of the forces in the bars 
AC and CE. 

6. A Stephenson link motion is shown in Fig. 416. Find the 
approximate equivalent eccentric when the gear is in the position 
shown in the figure, assuming there is no slipping of the valve rod 
block in the link DE. 
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OA-OB-S inches. Angle COA * Angle COB = 120®. AD-BE- 
4 Feet. Radius of curved link «• 4 feet. 

7. A roof tl’uss (not shown) is acted upon by three forces P, Q, 
and P which are shown in Fig. 417. 

The supporting reactions pass through the points A and B, the 
reaction at A being vertical. 

Find the magnitude of the two reactions and the ^nglo which 
the reaction at B makes with the horizontal. 

8. A rectangular pontoon. 40 feet long and 20 feet wide, floats 
in fresh water ; when loaded with two concentrated loads of 30 
tons each at points 8 feet from the ends» the draught is 4 feet. 

Draw the diagrams of shearing force and bending moment, and 
write down their maximum values. 

9. The cross section of a rail is shown in Fig. 418. Find : — 

(а) the position of the ‘centre of gravity’ of the section, 

(б) the moment of inertia of the section about an axis 
passing through the centre of gravity and parallel to 
the line BB. 


1935. 

1. In Fig. 419 OP represents the main crank of a single cylln- 
der steam engine and Ol^ is a crank or eccentric operating an 
ordinary slide valve. It is required to cut off steam at | stroke 
and to give a 'lead* of I inch. Determine the value of a ( the 
angle of advance ) in degrees. Find also the steam lap of the 
valve in inches. Neglect obliquity of connecting rod and eccen- 
tric rod. 

2. A block S is operated between guide bars by a crank OC 
and connecting rod C5, as shown in Fig 420. Find the velocity 
and the acceleration of the block S for the position shown. The 
crank is rotating at a uniform speed of 120 revs, per minute. 

3. Determine the resultant of the .system of forces and couples 
shown in Fig. 421, and indicate its position on the diagram. 

4. A steel tower has the form and is loaded as shown in Fig. 

422. The reaction at B is vertical. Determine the reaction at A, 
Draw sufficient of the force diagram or ‘reciprocal figure’ to 

enable you to measure the forces in the two bars CD and CE, 

State the magnitude of these forces in pounds. 

5. Find the ‘centre of gravity* of the section shewn in Fig. 

423. Determine the ‘moment of inertia’ of tlie section about an 
axis through the centre of gravity and parallel to the line XX. 
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6. Draw the diagrams of shearing force and bending moment 
for the beam loaded and supported as shown in Fig. 424. State 
clearly the scales employed. Measure the maximum value of the 
bending moment, and indicate where it occurs. 

7. A cam which rotates uniformly is required to give the 
following motion to a vertical spindle : a rise of 2 inches with 
simple harmonic motion during 150 degrees rotation of cam, a 
period of rest during 60 degrees followed by descent at uniform 
velocity during the remaining 150 degrees. 

The diameter of the shaft is 1 inch, least thickness of metal 
round the shaft | inch, and the diameter of roller is I inch. 

8. The diagram ( Fig. 425 ) shows the lifting force on a 
vortical pump rod during a portion of its stroke, starting from 
rest at the bottom of the stroke. 

The dead weight of the pump rod and its attachments is 1,200 lb. ; 
the frictional force is 200 lb. At what lift will the velocity be a 
maximum ? 'What is the acceleration when the lift is 4 feet ? 
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1. A train starts from rest and has a speed of 70 miles per 
hour after travellinf^ a distance of 16 miles. At the end of each 
successive distance of two miles the speeds are 33, 48, 57^. 63, 66, 
68^, 69^, and 70 miles per hour taken in order. Determine tlie 
acceleration of the train at the end of the fourth mile. 

Determine also the approximate time taken by the train to 
travel tlie distance of 16 miles- 

2. The D-sli(le valve of a vertical engine has a travel of 
6 inches and a lead at the top end of fV inch* Tl\e stroke of the 
piston is 36 in^^lies and the connecting rod is 6 feet long. Deter- 
mine the angle of advance, the outside and inside laps, and the 
lead at tlm bottom end of tlie valve, having given : — 

Point of cut-olf ( down stroke ) ... 73 per cent. 

Point of cut-off ( up stroke ) ... 64 per cent. 

Point of compression ( up stroke ) ... 89 per cent. 

Point of compression ( down stroke ) ... 86 per cent. 



//e7. 


3. The vertical line of stroke of the valve spindle of an oil 
engine is 2*^ from the centre line of the horizontal cam shaft. The 
minimum radius of the cam^ surface is and the maximum is 
3^", and these parts of the cam surface are concent: ’ with the 
cam sliaft. The working face of the cam which lifts the valve 
spindle is part of an involute of a circle, diainel which is 





352 


UNIVERSITY QUESTIONS. 


concentrio with the cam shaft. There is a roller on the valve 
spindle diameter^ which engages with the cam surface. 

Eraw full size the profile of the working face of the cam. 
and determine (a) the maximum lift of the valve, and (&) the angle 
through winch the cam rotates while lifting the valve. 

4. A heam^lC is subjected to the loads shewn in Figure 426. 
The load at D is carried on a truss BDC which is supported on the 
beam. Draw to scale the shearing force and bending moment 
diagrams, indicating clearly all the scales employed. 

5. The forces due to wind pressure on a roof are snown in 
Pig* 427. those on the left being pressure and those on the right 
being suction. Assuming that the reaction at B is vertical, deter^ 
mine the reactions at A and B, and draw a diagram giving to scale 
the loads in the various members of the roof. 

6. In the four bar chain ABCD (Fig. 428) the bars AB and DC 
oscillate about A and D respectively. Determine the linear velocity 
aud acceleration of the point P when CD has moved 10 degrees 
upwards from the given position and has an instantaneous angular 
velocity of 1*2 radians per second without angular acceleration, 

7. The following particulars relate to a single cylinder hori- 
zontal engine 

Length of stroke ... 10 inches. 

length of connecting rod ... 18 inches. 

Weight of reciprocating parts ... 112 lb. 

Speed of engine ... 400 revolutions 

per minute. 

Draw a diagram showing on a base of piston displacement the 
variations in the crank effort of the engine due only to the accele- 
ration of the moving parts. Write down the maximum crank effort 
in pounds. 

Note, — Acceleration force for reciprocating parts 

zs,y^ ta-r { cos ^ +-~ cos 2^ 

9 V I 

8. In the Harfield steering gear ( Fig. 429 ) the circular pinion 
A is keyed eccentrically to the driving shaft P and gears with the 
teeth on the rack BC which is integral with the steel casting 
BCDE, BCDE can rotate about the axis Q. The pinion A has 
a pitch diameter of 20 inches and its axis of rotation P is 5 inches 
from the centre of the pinion ; the minimum radins QF of the 
driven rack is 4^^ feet. Determine the shape of the pitch surface 
CFB of the rack. 
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1. The omm shown in Fig. 430 moves a Tod, which is fitted with 
a roller R at the end, along a straight line in direction AB. The 
cam rotates about centre C with uniform angular velocity com- 
pleting one revolution in 12 seconds. 



On a time-base of ^ inch to one second, draw a diagram 
showing the displacement of the centre A of the roller R for one 
complete revolution of the cam. 
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2. A block B is moved between guide bras by a crank OP and 
connecting rod PB as shown in Pig. 431. Find the velocity and 
acceleration of the block B when the angle 0 is 45 degrees. 

Crank OP rotates with uniform angular velocity of 60 revolu- 
tions per minute. 

3. Pig. 432 shows a system of forces and couples ; the linear 
scale is full size. Determine the resultant, and indicate its position 
on the diagram. 

4. A roof truss is shown diagrammatically in Pig. 433. Deter- 
mine the supporting forces in the pillars and the forces in the bars 
PQ and QR, distinguishing pulls from tiirusts. 

5. A uniform rolling load of 5 cwt. per foot run passes over 
a bridge of 60 feet span from left to riglit : the load is longer than 
the span of the bridge. 

Draw diagrams showing the maximum shearing force and ben- 
ding moment at all positions of the span as the load passes com- 
pletely across the bridge. 

Choose your own scales for S. F. and B. M. but use a linear 
scale of one inch to 10 feet. 

6. Find the moment of inertia of the plane section shown in 
Fig. 434. about a line through the ‘centre of gravity’ of the section, 
and perpendicular to the axis of symmetry, and lying in the plane 
of the section. 

7. The geometrical form of a tripod is shown in plan and 
elevation in Fig. 435 ; the foot of each leg may be regarded as 
securely hinged to a base block in the ground. 

Determine the thrust in each leg of the tripod when a load of 
one ton is suspended from the vertex V. 

8. A symmetrical three-hinged arched rib is a circular arc with 
a span of 50 feet and rise of 10 feet. It carries a uniformly distri- 
buted load of one ton per foot run of the span on the left half only. 
Find the horizontal thrust and the bending moment at a horizontal 
distance of 12'^6‘^from the left-hand support. 



UNIVERSITY QUESTIONS. 355 

193a 

1, In Pig, 436, CD represents a crank which turns uniformly 
about a fixed centre C, its end D imparting a simple reciprocating 
motion to a slider EE moving between fixed guides FF. A point O 
in the slider EE is the centre of rotation of a second crank OP^ 
which turns at half the speed of the first, and in the opposite direc- 
tion^ as indicated. Trace the complete locus of P. 



2. Pig. 437 shows a lever hinged at A and operated by a 
circular cam. The cam rotates about centre C with uniform 
angular velocity of 5 revolutions per minute. On a time base of 
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half an inch <;o one second, draw a diagram showing the angular 
displacement in radians of the lever from its mean position during 
one complete revolution of the cam. 

Adopt a scale of 5 inches equal one radian angular displacement 
of lever. 

3. Fig. 438 shows a linkage for operating a valve F. The crank 
AC rotates uniformly at 30 radians per second. 

Draw the velocity image for the linkage in the given position^ 
and state the velocity of the valve F in feet per second. 

Adopt a velocity scale of 1 inch equals 10 feet per second. 

4. Fig. 439 shows a system of forces and couples ; the linear 
scale is 1 inch equals one foot. Determine the resultant, and 
indicate its position relative to the given forces. 

5 Fig. 440 shows the tail end of the fusilage of an aeroplane 
having only one load P at that end. 

Draw the force diagram for the portion shown, and measure 
the forces in the members FE, HE, and GK. 

6. A lamp L, weighing 20 lb., is suspended by a chain from a 
point P where three tension rods meet. These rods are supported 
at their upper ends by ceiling hooks ; the configuration of the 
rods is shown in plan and elevation in Fig. 441. Determine the 
force in each of the rods PA, PB, PC, and tabulate the results. 

7. Fig. 442 shows a beam section. Determine— 

(a) the neutral axis parallel to CD. 

(f>) the 'momeht of inertia' of the section about the base CD. 

8. A heavy chain is supported by its ends A and B which are 
12 feet above the lowest point of the chain. 

The horizontal distance between A and B is 66 feet and the 
weight of the chain is 20 lb. per foot of its horizontal projection. 
Draw to scale (10 feet to 1 inch) the shape of the chain, and find 
the force in the chain at its lowest point. What is the maximum 
force in the chain ? 
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1. Pig. 443 shows a stiff card attached to a wooden backboard at 
the two points A and B by stout pins. 



The linear scale of the figure is one inch to one foot. Forces 
and couples as shown are applied to the card and the pin B is then 
removed. What is the moment (in lb. ft.) of the system about A 
at the instant that pin B is removed } 
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Determine the single force which must be applied to the card 
to maintain it in its original position, when both pins A and B are 
removed. State its magnitude in pounds and show its position 
and sense. 

2. In the mechanism in Pig. 444 the crank A B rotates at 150 
revolutions per minute and the point D is guided to move in the 
straight line GH ; E moves in the straiglit line JK. 

When the mechanism is in the configuration shown in the figure, 
determine the velocity of the point E in feet per second. 

3. An inclined cam-plate, mounted on a uniformly rotating shaft, 
operates a reciprocating tappet as shown in Pig. 445. Contact 
between ball and plate is to be considered as taking place at C, on 
the line of action of the tappet. 

Draw full size the displacement diagram for the tappet. Is 
this a common geometrical curve ? If so, give the name of the 
curve. 

Take a base line 6 inches long to represent one revolution of 
the cam-plate. 

4. Draw the complete force diagram (often called stress dia- 
gram) for the structure shown in Pig. 446. Indicate by thick lines 
the members which are in compression. Measure and state the 
magnitude of the force in the bar BP. 

Assume the crossed members to be pinned at P, and that the 
structure is symmetrical about the vertical through the point P. 

5. Pig. 447 shows plan and elevation of a tripod which is subject 
to an inclined load P of 2 tons. The lower ends of the tripod are 
prevented from sliding by being hinged in base blocks in the 
gro'und. 

Determine the thrust in each leg of the tripod. 

6. A braced horizontal girder is shown in Pig, 448. 

(a) Determine the forces in the members GF and PE 

{b) Draw the bending moment diagram for the girder. 

(c) What is the magnitude of the maximum bending moment and 
where does it occur ? 
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7. Tlie circular arched rib showu in Fig. 449 is hinged at; the 
crown and springings and carries the loads shown. 

Find the reactions at the hinges and draw the line of thrust. 

8. Two concentrated loads Wi 8 tons, and 4 tons, centres 12 
feet apart, pass over a girder 60 feet span from left to right, Wi 
leading. 

Draw the diagram of maximum bending moments for the com- 
plete passage of the loads along the girder, 

What IS the equivalent uniformly distributed dead load which 
gives the same maximum bending mement on the span > 

Choose your own scale for bending moment, but use a linear 
scale of 1 inch to 10 feet. 
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1. (a) A ball, weighing 100 lb, is suspended from the ceiling 
by a string 8 ft, long. Draw the force and vector diagrams, to 
find the force necessary to hold the weight 3 ft. from the vertical, 
by a horizontal pull. 



(b) Forces of 1, 2, and 3 lb. are parallel and act in the same 
direction at the corners A, B, and C respectively of an equilateral 
triangle of 4" side. The force of 1 lb. makes an angle of 100° with 
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AB which is horizontal. Find graphically where the re- 
sultant acts. 

2. A beam, 20 ft. span, carries loads 1, and ^ tons at I, 
and I of span respectively. 

(a) Draw the bending moment and shearing force diagrams 
graphically. Take the space scale 1 in. = 5 ft., the load scale 
1 in. si ton, and the polar distances II in. 

(b) Give the scale for the bending moment diagram, and 
determine the maximum bending moment and the shearing force, 
and locate their positions. 

Or, 

Draw the stress diagram, and determine the stress in each 
member of the pent roof truss shown in Pig. 450. Distinguish 
members in compression. 

3. Fig. 451 shows in outline a punching machine. 

(а) Find out the position of the neutral axis and the moment 
of inertia about the same for the section of the punching lever 
given. 

(б) Assuming the force required to punch a hole through a 
plate is 42'5 tons (i) calculate the maximum tensile stress to which 
the punching machine lever is subjected at the section A. A. ; (ii) 
calculate the bearing pressure per sq. in. at the axis pin. 

4. Fig. 452 shows the exhaust valve cam and lever arrange- 
ment for a Diesel engine. The outline of the cam is made up of 
circular arcs and tangential straight lines so arranged that the 
cam rotates through 50® when opening the valve, 10* when keeping 
it fully open, and 50* when it is closing. Draw the profile of the 
cam. half size, taking the least radius of the cam as 4 in., the lift 
of the valve as ll in, and the gap between the lever and valve 
stem as I in. Show all the necessary dimensions. 

5. Pig. 453 shows in outline the driving mechanism for the 
ram of a shaping machine. If the pin driving the sliding block 
is set to move in a circle of in. radius, the length of the oscilla- 
ting arm is 13 in., and the distance between the centres round 
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which the driving pin and the oscillating arm rotate is 64 in.^ draw 
the line diagram and find — 

(a) the length of the stroke of the ram. and 

{b) the ratio of times of cutting stroke and return stroke. 

6. Fig, 454 shows the mechanism for a valve gear. The crank 
AiP rotates at constant speed of 12 radians per second, and is 
pinned at P to the rod PR, the point Q in this rod being guided 
in a circular path by the oscillating link A^Q, the centre of osci- 
llation being at A^. The valve rod is connected at V to P by the 
coupler V R. 

For the given configuration, find the velocity of the valve rod 
V. Draw the velocity diagram to a scale 1 in. = velocity of 2 ft. 
per second. 

.4iP-5, PQ = 14, PP = 16-5,PV = 12,and 0^2 = 17 in. 
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